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ABSTRACT 


The tendency in procedures used in field trials of equalizing cultural measures for 
all varieties and the object to enhance the reliability of the results by laying out 
parallel plots, involves the danger that under the chosen circumstances a given 
variety does not show to full advantage. In equalizing the environment, insufficient 
account can be taken of the particular characters and demands of the different varieties. 
The actual differences that can be computed on the basis of many parallels may result 
in a repetition of errors from the standpoint of a general evaluation of varieties. 

In practice a certain combination of circumstances hardly ever occurs a second 
time, which causes the figures obtained to have no general validity. The author, from 
his own experience, comes to the conclusion that in general a breeder should attach 
more value to variations in environment than to replications, especially in the first 
stages of the experiments. Since problems differ according to the crop concerned, 
no generalization should be made. 


1. INTRODUCTION 


In June 1946 on a joint meeting of the Study Circles of Plant Breeding and Experi- 
mental Design, a lecture was held on the question whether for the assessment of new 
varieties use should be made of variation in environment or in replications. A report 
of this lecture was published in Dutch (1). 

Since the problem has lost nothing of its actuality it was considered worth while 
to include it in Euphytica. 


2. VARIATION OF MILIEU OR THE USE OF REPLICATIONS IN VARIETY TRIALS 


The agricultural value of a variety is never absolute but always relative. In the first 
place it is dependent on the purpose and on the conditions under which it is grown. 
In the second place a variety is always competing with other varieties of the same crop. 

When the varietal range of our agricultural plants is studied it is striking that there 
is an irregular distribution over different parts of The Netherlands. It is not surprising 
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that large differences occur on sandy, peat and clay soils, but also in districts with the _ 
same soil and climate a widely divergent evaluation of a given variety can be established. 
And going a step further one can observe that even in a very small area there is a 
different appreciation from farm to farm. Some varieties are most preferred by the 
farmer and his choice is dependent on his ideas about the most economical approach. 
In his judgement different aspects are balanced, such as crop rotation, the use of horses 
or machines, mechanical harvesting against hand labour, the introduction of green 
manure crops, etc. 

In many cases the farmer’s choice is not determined by an increase in production 
by a few percent, but by other factors such as rapid covering of the soil, early ripening, 
resistance to diseases or to unfavourable conditions, easy harvesting, keeping quality 
of the crop, etc. In the New Zealand Wheat Review (2) I read a very notable example. 
The variety Dreadnought produced over 20 % more than the variety Cross 7. Cross 7 
ripens very early, is very firm and the kernels are firmly protected by the chaff. Dread- 
nought on the other hand has a tendency to shattering. For harvesting with a combine 
the farmers preferred Cross 7, or as the report goes: “They are thus purchasing ease 
of harvesting by a heavy loss in yield”. 

Conditions are different for every crop. For the potato with its wide variation in 
characters and destination, conditions differ from those of oats, for wheat they are 
different from those of sugar beet; but for all it holds that the objective observations 
that can be made by measuring, weighing and counting, are not the only factors 
determining the value of a variety. Subjective judgements also play a part. There is 
a tendency to repress the subjective element as much as possible and to replace it by 
more objective data. GALLILEr's saying, “Measure all that is measurable and make the 
immeasurable measurable” has rightly found supporters. But everybody working 
with living material knows that this material is very susceptible to seemingly little 
changes. A research worker who has to move from his laboratory to the open field 
knows how all sorts of causes bring about accidental fluctuations in the environment. 
And this often makes the outcome of one observation unreliable. These accidental 
fluctuations are taken into account by laying out replications in order to approach 
exactness with a greater of smaller likelihood of reliability. The aim is to exclude sub- 
jectivity in advance. It is often left to chance which place will be allotted to a variety. 

Another claim is to take care that fertilizer, quantity of seed, sowing time, spacing, 
etc. are evenly distributed. This claim is necessary to answer the question which 
variety has given the best results under a very definite combination of circumstances. 
However, in practice a certain combination of circumstances never occurs a second 
time. Therefore the figures obtained with so much trouble have not the general value 
which many are inclined to believe. Another drawback is that by aiming at concurrence 
of all growth conditions there is a likelihood of errors creeping into the calculations, 
since particular characters and particular demands of varieties are not accounted for. 
A keen farmer knows that, in order to obtain the best results, one variety does not need 
the same cultural methods as another. For him the question is not: which variety gives 
the best results under the same conditions, but: with which variety and under what 
conditions do I obtain the best results on my farm. And the breeder has to take this into 
account, for the success of his variety will entirely depend on the appreciation of the 
farmer. 
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1 will try to explain the particular demands of varieties on the basis of a few exam- 
ples. 


The quantity of seed or of seed potatoes 


In variety trials with wheat there is a tendency to take an equal quantity of seed for 
each variety. Often the quantity of seed is taken in accordance with kernel size and 
germination power, in order to secure an equal number of plants per unit of surface. 
However, if this is done with the variety Carsten V, it is a miscalculation. If on fertile 
soil a quantity of 160 kg/ha is taken of the varieties Juliana, Wilhelmina, Staring C.B. 
and Carsten V, the latter variety will not come to full advantage. Carsten V does 
better with some 110 kg seed per ha and when making 5 replications with 160 kg seed 
per ha for each variety, this comes down to repeating the error 5 times in the case of 
Carsten V. 


I myself once laid out a trial with the potato varieties Zeeuwse Blauwe and Alpha. 
On one field 1 used tubers of 20 gr and a spacing of 60 x 60 cm. Zeeuwse Blauwe 
produced a good crop with a high percentage of consumption potatoes; Alpha also 
gave a fairly good yield, but the tubers grew so big that they were much too large for 
consumption. Seed potatoes of 60 gr and spacings of 45 x 45 cm in the case of 
Zeeuwse Blauwe yielded 50 % tubers under the usual consumption size, while Alpha 
gave a very good harvest with about 90 % consumption size. In other words, by making 
conditions entirely equal for these two varieties no picture can be obtained of their 
value for the farmer. Every replication becomes a repetition of errors. The influence 
of tuber size and spacing gives far greater differences than the accidental fluctuations 
found on a succesful trial field. 


Manuring 

Potato growers know that one variety responds quite differently to nitrogen than 
another. For example the variety Rode Star will produce too weak plants on fertile 
soil. The foliage collapses and the proceeds does not come up to expectation. Other 
varieties on the other hand will keep firm even with very heavy dressings. Not only 
do they bear fair nitrogen dressings but in many cases they even use them to good 
advantage. It is an old problem and investigations on this subject were made as far 


back as 1925. 
On a trial farm at Borgercompagnie two trials gave the following results (Table 1). 


TABLE Î. INFLUENCE OF DIFFERENT NITROGEN DRESSINGS ON THE STARCH YIELD OF TWO POTATO 


VARIETIES 
Rode Star Thorbecke 

Nitrate of soda Starch Nitrate of soda Starch 
kg/ha _ kg/ha kg/ha kg/ha 

700 6,433 800 5,787 

800 6,426 900 5,787 

900 6,339 1,000 6,081 

1,000 6,331 1,100 6,229 

1,100 6,193 1,200 6,126 


Rode Star therefore showed a tendency quite different from Thorbecke. 
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Sowing time 


At the time when I lived in the province of Friesland, the agricultural adviser used 
to lay out trials with various varieties of spring wheat. Sowing is often late there and 
since the trial fields were not prepared until the farmer had finished his own work 
they were often laid out very late. On the trial fields the spring wheat variety Blanka 
and later Carma made a favourable impression. Van Hoek and Mansholt's Witte on 
the contrary left much to be desired. These varieties came to full advantage only when 
they were sown early. Therefore when the trials are sown late the reliability of the 
evaluation cannot be bettered by including more replications. The reliability is 
enhanced only in as far as the relative value of the varieties under some circumstances 
is concerned, but the potentialities of each of the varieties is not brought to light. 


Harvest time 


When a trial field of sugar beet varieties is laid out and varieties with divergent 
growth rhythm have been included, there is fair chance of making errors when all 
varieties are harvested at the same time. When lifted by the end of September the 
early varieties probably will make the best impression, but when the harvest falls in 
the middle of November the late ripening varieties are apt to win. For the sake of 
objectivity all varieties should be harvested at the same time, but if by the middie of 
November the highest production is found with the late ripening variety there is no 
proof that this will be the best variety for the farmer. For various practical reasons the 
beet harvest cannot be postponed until half November and so, apart from sugar 
production, one should take account of many other factors in order to be able to 
establish the value of a variety. 

Also in this case the reliability of the outcome can be enhanced by using parallels 
for a certain combination of circumstances, but for many beet growers this is not the 
most customary combination. 


Apart from the quantity of seed and seed potatoes, manuring, sowing time and 
harvest time, Ll could mention more factors of importance to the evaluation of varieties 
which in their optimum for various varieties lie on an unequal level. 

Those who work with replications in variety trials should never be tempted to pay 
too much attention to figures and to attach too great a value to them. This is not to 
criticize the method but itis a warning to its users. There are many research workers 
and students who want to approach every problem with the FisHER method. If no 
“mean”, no “mean error” or no ““correlation coefficient” occurs in a publication, the 
contents is considered to be of less value. But in this connection 1 would like to 
emphasize that replications are often repetitions of errors and that mostly the user 
is not aware of any discrepancy. In addition, the figures only hold for the particular 
conditions under which they were found. The figures easily tend to appraise errors in 
the field too low, and to overlook the particular characters and the particular demands 
of a variety resulting in the rejection of valuable varieties or varieties with new potenti- 
alities. T once more emphasize that this is not a shortcoming of the method but of 
many research workers. 
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The problem of the evaluation of varieties is a very difficult one. Strictly speaking 
a variety is a compromise in that it is a combination of favourable and less favourable 
characters, which themselves again may vary in proportion and which are given more 
or less consideration according as the year, the soil, the application of fertilizers, etc, 
are different, but also according as the economical and technical factors and according 
as the insight of the user may vary. The objective figures are valuable aids but they 
are not the only factors affecting the evaluation of varieties and their value varies 
from crop to crop. For consumption potatoes matters are even different from those 
in potatoes for industrial use. - 


3. VARIATION OF ENVIRONMENT OR REPLICATIONS IN BREEDING NEW VARIETIES 


Contrary to the scientist who cultivates plant breeding as a branch of science, the 
breeder continuously keeps his eye on practical results, on economic successes. The 
breeder tries to develop varieties which in some respect are better than the existing 
ones or he tries to maintain a given variety and to improve it. 

The examples given in the foregoing section are derived from well-known and 
generally cultivated varieties. But the breeder works with new varieties, with plants 
whose behaviour under the prevailing methods of cultivation he does not know. His 
experience, his outlook in general can give him some indications of the particular 
demands of new varieties. But every breeder also knows that he can easily be mistaken 
and that in the end the figures may be of great value after all. The time, the available 
space and the ability of the breeder and his collaborators are always restricted because 
in their enthusiasm or in their eagerness to create a new variety they are always 
overburdened with material. This is understandable and should be appreciated since 
the chance of finding one or more toppers increases according as more material is 
available. It is questionable, however, whether this chance keeps pace with the size 
of this material. 

Another point is that the breeder of a new variety at first has the disposal of little 
material and that he should use what material he has economically. Every breeder 
has to face the fact that he should assess his new variety as efficiently and as rationally 
as possible. 

And this leads to the question heading the article, viz. vary or replicate. The answer 
is an easy one theoretically: combine variation and replication. However, sobre 
practice often says, “make your choice”, or rather “one thing or the other”. 

From my arguments the conclusion could be drawn that the balance of my deliber- 
ations turns to the side of variation. But to account for this opinion the best plan is 
to give some examples from my experience as a breeder. 


From 1920-1925, [laid out various trials with new potato-varieties, many in duplicate, 
others in triplicate. The lay-out was based on the idea that all conditions should be 
as equal as possible. This system was very unsatisfactory — that is, the results were not 
equal to the trouble and expenses involved. Some varieties appeared to possess many 
deficiences in some years and this could be established even on the basis of 20 plants. 
So there was no need for 3 parallels of 100 plants each. This instance occurred in years 
of severe blight. 
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On another occasion it appeared that with another treatment a variety gave much 
better results, for example seed potatoes of a larger size, light manuring, earlier 
planting, etc. 

Again in another trial it was brought to light that on sandy soil the variety was 
susceptible to spraign. Therefore 1 abandoned the first system and included three 
other trial fields, one on a field infested with spraign, one on a field infested with 
common scab and a third on a good sandy soil. By planting 20 to 30 tubers, and 
including one or two controls we were able to screen effectively. 

On a third trial field on sand, plots of 30 to 40 tubers were laid out, and of these 
the yield, the starch content, Phytopthora attack and some properties were established. 
In this way we could screen efficiently. Great value was attached to the results of the 
Potato Trial Establishment at Oostwold (province of Groningen), although the plots 
comprised only 36 plants and only the inner rows, i.e. 16 plants, were assessed. 

Generally speaking it seems recommendable to establish branch-farms where the 
selections can be assessed in an early stage. These farms should be chosen on soils 
that differ from that of the mother establishment. 


However, later I have laid out experiments in order to compare different clonal 
strains of Eigenheimer and Rode Star and then replication in necessary. At first sight 
this seems contradictory, but it is entirely logical. For it leads me to the main point of 
the problem: the clonal strains all belonged to the same variety. They showed small 
differences in type, foliage and leaf colour, but no different demands had been observed 
in planting time, tuber size, spacing, manuring, etc. Under equal treatment the 
chances for all were practically the same, contrary to the new varieties which had 
different demands in many respects and which had to pass a number of tests before 
being screened for productivity. 


In flax trials also 1 have had to work with replications at first, and IT must admit 
that as regards the figures this procedure was not superfluous. But there were other 
difficulties. In years when the development of the plants was lagging behind and fell 
short of expectation, some varieties made an extremely good impression. However, 
the next year with heavier nitrogen dressings they appeared to be too weak for use in 
practice. But now the varieties that were considered firm enough for practice, also 
went down. The next step was obvious. Instead of 2 or 3 replications, 2 or 3 nitrogen 
stages were used and in each series a standard variety and a “tester” were included for 
assessing the standing ability. This system was much more satisfactory for judging 
new varieties. The disadvantage of a single trial was removed as much as possible by 
choosing the field with the utmost care. The crop preceding the flax was used as an 
indicator. The various crops need not respond equally, it is true, but by eliminating 
parts of a beet trial field, which deviated from the normal, or, which is even better, by 
choosing a part with an even stand during the whole development including the stage 
of maturity, a greater security is attained than when choosing a field where this 
assessment was not made. 1 have heard the remark that unevenness was not accounted 
for because this could be figured out by means of the FisHER method. However, in 
spite of all mathematical considerations this seems no argument not to bestow the 
utmost care to the choice of a trial field. 
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Later the trials were slightly varied in that fairly long strips were taken and on 
both ends one or two different quantities of nitrogen were given. The members of the 
Netherlands Breeders Association who attended the flax breeding day in Friesland in 
1943, will remember that on the trial field at Engelum a plot had been laid out of which 
a strip over the whole length had an inferior structure. This was done to further the 
incidence of scorch. On the other side a strip had received a heavier dressing. This 
variation showed a clear difference in susceptibility to scorch among the various 
selections, varieties and hybrid populations, but also a clear difference in susceptibil- 
ity to lodging. Gradually, therefore, the system of replications had been replaced by 
a system of variation with the frequent use of a standard variety for yield and quality 
and a “tester” for lodging resistance. When later a new variety had made a good 
impression for some years, it was sown in replications, but in doing this the particular 
characters of the new variety were taken into account, for example the density of 
sowing. In these trials no scrupulous attempts were made to equalize all sorts of 
factors, but if the new variety required so we used slightly different quantities of seed. 

I have not abandoned my inclination to make variations. For when others would 
use 5 or 6 replications in a field, I often laid out duplicates on 3 different places or 
used 3 different quantities of fertilizer or 3 different sowing times, because variation 
seemed better than repetition. 


And in potatoes where figures often have less influence on the outcome than in 
other crops, since here tuber form, ability to be lifted, susceptibility to various dis- 
eases, quality, etc. are most important, I often laid out simple trials, but under extreme- 
ly different conditions, in the expectation of getting more information about the new 
varieties. 


From these statements it can be concluded that IT make a distinction between flax 
and potatoes. Therefore I should not like to generalize and can imagine that a man 
who wants to compare different families of sugar beet or fodder beet does not consider 
the above-mentioned system acceptable. But then I remind him of my statements on 
the comparison of different clonal strains of Eigenheimer and Rode Star. As soon as 
the material has little difference one should also alter one’s method. 


A point which should be considered with attention is the fact that on many trial 
fields a wide diversity of varieties is included. This is only obvious. But a breeder who 
has developed a new variety will often compare his variety with one or a few existing 
varieties. Often he does not venture to think that he has surpassed all the other 
varieties. If he has created a new red winterhardy wheat he will ask “‘could I conquer a 
part of the area under Heine’s VII”; if he has developed a variety resembling Staring 
he is inclined in his mind to push Staring out of her place; and if he has bred a new 
potato with fine oval tubers, shallow eyes, with a moderate starch content and for the 
rest not too great deficiences, his mind’s eye sees the glory of Bintje wane. 

In my opinion breeders and perhaps also other authorities in the field of plant 
breeding will have to make more discriminations in the future to achieve the best 
results in evaluating varieties. And according as varieties are more closely related, 
the lay-out of replications will have to be brought to the fore again. 
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SAMENVATTING 


Moet de kweker ter beoordeling van nieuwe rassen zijn kracht zoeken 
in variëren van omstandigheden of in herhalingen? 


Het streven om op proefvelden verschillende cultuurmaatregelen voor alle rassen 
gelijk te maken en door parallellen de betrouwbaarheid der uitkomst te verhogen, 
bergt het gevaar in zich, dat onder de gekozen omstandigheden een bepaald ras niet 
tot zijn recht komt. 

Bij het streven naar gelijkheid van alle groeiomstandigheden zal men onvoldoende 
rekening kunnen houden met de bijzondere eigenschappen en bijzondere eisen van de 
verschillende rassen. 

De reële verschillen die men soms op grond van vele parallellen kan berekenen 
kunnen tot gevolg hebben, dat men zichzelf wijs maakt dat er inderdaad belangrijke 
rasverschillen bestaan. 

In de practijk doet zich het feit voor, dat een bepaalde combinatie van omstandig- 
heden nooit volkomen voor een tweede keer wordt bereikt, waardoor de met veel moei- 
te verkregen getallen niet algemeen geldig zullen kunnen zijn. 

__Op grond van eigen ervaringen komt schrijver tot de conclusie, dat in het algemeen 
de kweker bij de beoordeling van zijn nieuwe rassen meer kracht dient te zoeken in het 
variëren van omstandigheden dan in vele herhalingen. Aangezien het probleem van 
gewas tot gewas uiteenlopen kan, dient men echter niet te generaliseren. 
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ABSTRACT 


In spinach the breeding of hybrid varieties is attractive because this may result in 
a heterosis and/or a transgressive effect. Resistance to downy mildew [Peronospora 
spinaciae (MoNr.) pe By] and against mosaic (Cucumis virus 1) can be combined 
rather easily, since in both cases the resistance depends on one dominant gene. 
Besides a hybrid variety excludes the growing of later generations. 

However, a careful removal of all pollen-producing plants demands so much labour 
that a production of hybrid seed on a commercial scale involves great difficulties. 
The creation of an entirely female variety would be a solution for this problem. An 
outline has been given of the way in which such a variety can be developed, starting 
from purely female and from intersexual plants. 


It is possible to simplify the production of hybrid seed by using a round-seeded 
female parent and a prickly-seeded male parent. Moreover this will prevent errors: 
all plants can then be harvested and threshed at the same time and in cleaning the 
prickly seed can be separated mechanically from the round-seeded commercial seed. 
The use of a prickly-seeded male parent will be an extra check on the possible growing 
of later generations by others. 


INTRODUCTION 


In a previous article (3) the writer has given a survey of spinach breeding in general. 
In this article his views are given on the possibilities of creating hybrid varieties 
and the production of hybrid seed on a commercial scale. 


THE AIMS OF PRODUCING FIRST-GENERATION HYBRID SEED 


The aims of breeding hybrid varieties are: 
L. to produce a heterosis and/or a transgressive effect. 
2. to achieve a combination of favourable characters that are governed by dominant 


genes. 
3. to obtain a protection of the breeding product. 


sub. 1. In the literature some data are mentioned stating that F‚’s produce a higher 
total leaf yield than the better parent (see 2, references 80, 53, 121). Various crosses of 
inbred parent plants in our own experiments also gave very productive F‚’s. But it is 
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still an open question whether this yield increase is the result of heterosis, of trans- 
gression, or of a combination of both. 


sub. 2. Characters that should be considered for combination are in the first place 
resistance against downy mildew [Peronospora spinaciae (MoNt.) pe By] and the 
resistance against mosaic (Cucumis virus 1), which are both governed by one dominant 
gene. 

The combination of a downy mildew-resistant variety with a non-resistant one may 
also offer fair prospects in regions and in methods of cultivation where no mosaic 
occurs. 


sub 3. A hybrid variety will segregate when later generations are grown and it may 
also cause inbreeding degeneration. Therefore the breeder need not fear that his 
“variety” is grown by others in later generations. 


DIFFICULTIES INVOLVED IN THE MOST OBVIOUS PROCEDURE 


At first sight spinach seems a very suitable crop for the breeding of hybrid varieties, 
on account of its dioecious character: emasculation is not necessary, only the pollen 
producing plants of the mother variety must be removed. However, there are serious 
objections against this procedure because: 


Ll. A careful removal of all the pollen producing plants from the mother variety 
demands much labour in a short space of time. Experiments showed that, even in 
varieties with few intersexual plants, at least 200 hours of a trained worker are neces- 
sary per ha of the mother variety. And all this work must be done within three weeks, 
in eight times, with intervals of two to five days (dependent on the weather). 


2. The fairly small quantity of seed that is harvested per ha in seed production and 
the fairly large quantity of seed used by the growers per ha require that the cost 
involved in the production of hybrid seed should not be too high. 


The drawbacks mentioned above are so serious that it is highly questionable 
whether with a mother variety consisting of female, male and intersexual plants it will 
be ever possible to grow highly valuable hybrid seed on a commercial scale. 


THE CREATION OF A FEMALE VARIETY 


It is, therefore, no wonder that the suggestion has been made to investigate the 
possibility of developing an entirely female variety. Attempts have been made to 
approach this ideal by means of physiological procedures and by genetical analysis. 
The first-mentioned method has not made much progress, for the influencing of sex 
has hardly any prospects. However, the results obtained by the genetic analysis of sex 
are encouraging. 

The data gathered on the inheritance of sex can be best explained on the basis of 
the hypothesis of BeMis & Wirson (1): XY for dand XX for Q, with two strongly- 
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linked autosomal loci for modifying genes viz. AA for the tendency to become male 
and GG for the tendency to become female. So long as these modifying genes are 
balanced, there is a constant recurrence of dioecious plants: e.g. XXAAGG, XXaagg 
and XXAaGg for purely female and XYAAGG, XYaagg and XYAaGg for purely 
male plants. If this balance between the male and female tendency is broken, then 
intersexual plants will result, eg. XXAAgg, XXAagg, XYaaGG and XYaaGg. 

Although there ís an indication that more than two pairs of modifying genes are 
involved in sex inheritance, the representation given above is well suited for drawing 
the outlines for the creation of an entirely female variety: 


1. First a cross is made between a purely female plant XXaagg and an intersexual 
plant XYaaGG: | 


XXaagg X XYaaGG — XXaaGg and XYaaGg | 
2. The female plants obtained from this cross are once more crossed with an inter- 
sexual plant of the genotype XYaaGG: 


XXaaGg x XKYaaGG — XXaaGG, XXaaGg, KYaaGG and XYaaGg 


3. For increase the “super’’-female plants XXaaGG-are then crossed with an inter- 
sexual plant of the genotype XXAAgg. The seed obtained from this cross will 
contain exclusively female embryos: 


XXaaGG x KKAAgg — KXAaGg 


4. The purely female plants XXAaGg can be used as mother plants for the product- 
ion of hybrid seed: 


XYAAGG 
XXAaGg x XYaagg —> commercial seed 
XYAaGg 
etc. 


Purely female mother variety Xx male parent 


PRACTICAL REALIZATION OF THE PROCEDURE 


The procedure seems very simple on the face of it. However, a difficulty in carrying 
out the different stages is that the genotype of the plants XXaagg and XYaaGG 
mentioned sub 1, and sub 1 and 2 respectively, cannot be verified phenotypically. This 
js also the case with the genotype XXaaGG mentioned sub 2, since XXaagg and 
XXAAGG are identical phenotypically. And the same holds for XYaaGG and 
XYaaGg and for XXaaGG and XXaaGg. 

For simplification of the growing of commercial seed, and also for avoiding errors, 
it is recommendable to use a round-seeded mother variety and a prickly-seeded father 
variety. All plants can then be harvested and threshed at the same time since the 
cleaners will later separate the prickly seed from the round commercial hybrid seed. 


aA 


J. SNEEP 
SAMENVATTING 


Het kweken van hybride-rassen 
en de produktie van hybride-zaad bij spinazie 


Bij spinazie is het kweken van hybride-rassen aantrekkelijk omdat een heterosis 
en/of transgressie-effect mogelijk is. Verder kan de resistentie tegen wolf [Peronospora 
spinaciae (MoNT.) DE By] en die tegen mozaïek (Cucumis virus 1) betrekkelijk een- 
voudig worden gecombineerd, daar ze in beide gevallen op één dominante factor 
berust. Een hybride-ras sluit bovendien nabouw uit. 

Het zorgvuldig verwijderen van alle stuifmeelleverende planten uit het moederras 
vergt echter zoveel arbeid, dat aan de produktie van hybride-zaad op commerciële 
schaal grote moeilijkheden zijn verbonden. Het kweken van een geheel vrouwelijk 
ras zal hier de oplossing kunnen brengen. In het artikel is uitgestippeld hoe een derge- 
lijk ras, uitgaande van zuiver vrouwelijke en van gemengdslachtige planten, gekweekt 
kan worden. 

Een vereenvoudiging van de produktie van hybride-zaad is voorts mogelijk door 
een rondzadig moederras en een scherpzadig vaderras te gebruiken. Dit zal tevens 
vergissingen voorkomen: alle planten kunnen dan tegelijk geoogst en gedorst worden 
en bij de reiniging scheidt men machinaal het scherpe zaad van het rondzadige han- 
delszaad. Het gebruik van een scherpzadig vaderras zal tevens nog een extra rem op 
eventuele nateelt leggen. 
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ABSTRACT 


A survey is made of the correlations between three characters, viz. field resistance 
of the foliage and of the tubers to Phytophthora infestans and ripening time. The 
relation between resistance of the foliage and ripening time is so close, that to all 
appearances it seems to be difficult to combine earliness with a high degree of 
resistance. This conclusion holds true only for the subspecies tuberosum of Solanum 
tuberosum and the breeder must draw some optimism from the possibility that this 
close correlation can be broken by the use of wild and cultivated South American 
and Mexican material. 

There is not such a close correlation between ripening time and tuber resistance. 
From some preliminary experiments the impression is gained that the skin of the 
tuber is an important barrier for the penetration of the fungus into the tuber in many 
cases. However, the defence reactions of the flesh are also instrumental in deter- 
mining of degree of field resistance. 


1. INTRODUCTION 


It is a well known fact that tuber resistance to Phytophthora, resistance of the 
foliage and ripening time of the potato are more or less closely correlated. These 
correlations are of great importance for the breeder of new varieties, especially if he 
aims at combining earliness with a high degree of resistance. 

The data collected by HOGEN EscH and ZINGSTRA (3) offer an excellent opportunity 
for a survey of these correlations. In connection with this survey some preliminary 
experiments are made to reveal the causes of field resistance of the tubers. 


2. RELATIONS BETWEEN THE FIELD RESISTANCE OF THE FOLIAGE AND OF THE TUBERS 


The overall picture here is an obvious positive correlation between the degree of 
resistance of the foliage and of the tuber, but there are exceptions to the general rule 
and these exceptions may be of great interest to the grower and to the breeder of new 
varieties. 

The above correlation is shown in table 1. The data are extracted from many years 
observations with 268 varieties made at experimental plots of the Institute for 
Research on Varieties of Field Crops (HOGEN EscH and ZINGSTRA, 3). 
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For both characters a scale from 1 to 10 is used: 10 means no lesions ever observed 
and 3 very heavily damaged. The resistance of the tubers is evaluated according to the 
percentage of diseased tubers and to the degree of damage done to the tissue. 


TABLE 1. CORRELATION BETWEEN THE DEGREE OF FIELD RESISTANCE OF THE FOLIAGE AND OF THE TUBERS 
TO Phytophthora infestans.”) 


Leaf resistance 
Susceptible Resistant 
3 4 5 6 7 8 9 10 
3 4 2 3 
Susceptible (1) (1) 
4 3 5 3 
5 2 15 7 1 
6 1 8 11 6 5 
Tuber (2) (1) (1) 
resistance 1 2 5 10 17 15 1 1 
(3) 
8 6 4 11 y 17 1 
(1) 
9 1 2 1 3 7 
Resistant (LI) 
10 a 


The fact that the evaluations 1 and 2 do not occur, indicates, that a more severe 
degree of attack than is met with may occur. Such material, however, has no chance 
to be grown as a variety, except in regions where Phytophthora is absent. Such a 
region was Indonesia before the year 1936. In that year Phytophthora spread over the 
whole of Sumatra and Java and completely destroyed overnight some old and very 
susceptible varieties. The same happened to many varieties when Phytophthora 
became manifest in Europe around 1845. 

The damage done to the tubers is very much dependent on soil and weather con- 
ditions. Apart from that, however, there is a genetical background for differences in 
degree of resistance. In addition there is the variation in production of sporangia on 
the vines that makes the degree of resistance of the tubers as seen in the field not 
completely independent of the resistance of the foliage. 

The effects of the production of inoculum of the leaves vary, and are especially 
related to the period over which the sporangia are dispersed and fall onto the soil. 
The stage of ripening of the tubers during that time is of importance. A severe epi- 
demic early in the season in a variety that is highly susceptible in the leaves as well as 
in the tubers, may kill the vines so quickly that after a couple of days no living tissue 
is left above-ground on which sporangia can be produced. In such a case an enormous 
quantity of sporangia falls down on the soil in the course of a few days and it is 
observed that under such circumstances the tubers may be hardly infested at all. 

If, however, the variety is more resistant in the leaves, the foliage is not killed 
within such a short period and the production of sporangia may go on for a long 

*) in brackets: hypersensitive varieties mostly possessing the gene R,. 
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period. Chances are that then the tubers will be damaged much more severely, at 
least if they are susceptible. 

Therefore with the same genetical background for resistance in the tubers, varieties 
that are extremely susceptible in the leaves may show less damage done to the tubers 
in the field than those of which the foliage is moderately susceptible. 

Though the above facts may spoil to some extent the purely genetical and physiolog- 
ical relations between resistance of leaves and tubers, they cannot explain some of the 
extreme deviations from the general trend. In addition it should be realised that most 
observations have been made at experimental fields on which very large numbers of 
varieties are planted, each with a small number of plants, varying from 18-96. On 
such fields the differences in the intensity with which the sporangia come down on 
the surface on the soil probably is more or less balanced out. 

From table 1 it appears that though there is an obvious positive correlation, there 
is quite a large number of varieties showing a high susceptibility (3-5) in the leaves 
and yet being moderately resistant in the tubers. The combination highly resistant 
(8-10) in the leaves and moderately resistant (6, 7) in the tubers is very rare, though it 
occurs in material possessing a gene (R) for hypersensitivity. The varieties showing 
notable differences in degree of resistance of leaves and tubers are mentioned in the 
following list (Table 2). 


TABLE 2. LIST OF VARIETIES SHOWING LARGE DIFFERENCES BETWEEN LEAF AND TUBER RESISTANCE 


Degree of resistance 
Variety R-genes present 
foliage tubers 

A. Leaves more resistant than tubers 

Craigs Bounty, … na a dl 3 R, 
NAKOD Ee oe 9 6 R, 
EEE ree te OER 6 3 R, 
SET ENE 6 8) 

B. Tubers more resistant than leaves 

andiEdward … …  … ee 3 7 

LAUTTErd da lee ane et 3 7 

VA Blot UN, ME ed 4 8 

Ghippewars Hesrlie rd 4 8 

DIENA ts perso Cf) ern ed 2 4 8 

UR OO LE me Ter rangs te 4 8 

Koopmans Blauwe 4 4 8 

Nanguardes 20E A hant 0, 4 8 

BEAVOPENE EMIEL EEE OT: 5 9 

Bte kans hes dd wort Harte sonra 4 y 

Bioemoraaflen. ken ursa oo deze 4 7 

REGYAIBKIEDEY. vr onver en en 4 gj 

BROEDEN ts he oe ee Wa 4 7 

EON PEN AAE oi 4 7 

ID MVErROD RA bale or ours 5 8 

EVELEOOR BRR zt een 2 te 5 8 

onnie AN 5 8 

dei Be 5 8 

SOUVENIC HRe er tt Ml Tet 6 E) 


125 


H. J. TOXOPEUS 
3. SOME PRELIMINARY EXPERIMENTS TO CLARIFY THE BASIS OF TUBER RESISTANCE 


A priori, tuber resistance can be supposed to be caused either by difficulties the 
skin offers to the penetration of the germ tubes or by defense reactions of the flesh to 
the growth of the mycelium once penetrated. 

In order to get an idea of which of the two might be the more important, two 
experiments were made. In the first the growth of the fungus in the tubers of 55 Dutch 
varieties (without R-genes) has been studied and plotted against their degree of field 
resistance (Table 3). 

To that end 10 tubers of each variety were inoculated with a swarmspore suspension 
by pressing a corkborer, with a diameter of 3 mm, through the skin to a depth of 
4 mm, without discarding the tissue. Then a droplet of the suspension was placed on 
top of the incision after which it penetrated by capillarity into the flesh. In this way 
each tuber was inoculated by nearly the same quantity of swarmspores. Five days 
after inoculation, the tubers were halved and placed in a moist chamber. 

A week later notes were made on the growth of the mycelium. 


TABLE 3. CORRELATION BETWEEN FIELD RESISTANCE OF THE TUBERS AND DEVELOPMENT OF MYCELIUM 
IN THE TUBER AFTER INOCULATION 


Developmert of mycelium 


en 


Susceptible 
Field resistance of tubers 


a KO U 
Doo A 
lon 
_ 


Resistant 


\O oo AANB 


=P 
pa 


It is obvious that, though on average the development of the mycelium is best in 
the tubers of the more susceptible varieties, it is also apparent that once penetrated 
the fungus flourishes in the tubers of many of the highly field-resistant ones. Among 
the susceptible varieties there is no one in which the fungus does not show abundant 
growth, as could be expected. 

For the second experiment 20 tubers from 13 more or less resistant varieties were 
cleaned in water and placed on moist peat. Ten of them were slightly scratched and 
ten remained undamaged. After spraying with a concentrated swarmspore suspension 
in the afternoon they were placed in a moist chamber by covering with glass at a 
temperature of about 15°C. As during the night the temperature fell to about 10°C, 
the conditions during the night were very favourable for infection, the relative humid- 
ity having been 100 % for much of the time. 

A week after inoculation the tubers were halved and nine days later notes on the 
development of the mycelium were made. The results are given in table 4. No growth 
at all is valued at 1, weak development at 2, medium growth at 3 and abundant develop- 
ment at 4 points. 


126 


FIELD RESISTANCE TO PHYTOPHTHORA IN POTATOES 


TABLE 4. DEVELOPMENT OF Phytophthora AFTER INOCULATION OF SCRATCHED AND UNDAMAGED TUBERS 


(see text) 

ee EE eee ln ede bd ar rn 
Scratched Not scratched Summation Seratehed 5 
8 d egree of 
Variety mycelial growth | mycelial growth scratched UIDUS | field re- 
undama- : 
sistance 
EEN A GENE A ST ged 

DE EE LA TEA OE Kd D eed 
IMDhan see A (SNG Ser 25 13 12 8 
etekane ntt 45 3 25 58 D 29 19 10 6 
Bevelander . . .. 3e 5) 8 12 27 12 15 7 
Eigenheimer . . . 10 Dors Al 8 40 35 5 3 
Koopmans Blauwe 3 16 3 U 30 31 —l 7 
Matador 9 1 9 1 (2 13 =| 8 
Noordeling. . . . 8 2 7 Ien 22 14 18 —4 8 
OON WIET Pr a 1 Det 3 4 35 28 Jl 8 
Biofite et oen 3 Din S #7 2 va 29 17 12 8 
Record … sn. O2 On 16 11 5 8 
Rode Star Seer asiel O4, 1 20 17 3 8 
NOran mien 9 1 ONSE 12 11 1 7 
BMUDOr Pe 9 1 Ormel 13 11 2 6 


From these results it is apparant that there is a group of varieties (Alpha, Beteka, 
Bevelander and Profijt) that show large differences between scratched and unscratched 
tubers. Others, however, hardly show any difference at all (Eigenheimer, Koopmans 
Blauwe, Matador, Noordeling, Voran and Wilpo). The first group obviously possesses 
resistance of the skin to penetration of the fungus. Thus this resistance may cause, 
partly or entirely, the degree of field resistance. 

It is not clear why the varieties Koopmans Blauwe and Orion, showing such an 
abundant development of the mycelium in the unscratched tubers, are so highly 
field-resistant. 

When interpreting the results of this experiment it should be kept in mind that the 
structure of the skin varies considerably between varieties. Consequently the effects 
of scratching differ, and a comparison between the results obtained from different 
varieties is allowable only to a limited extent. Even the manipulation of washing 
could be instrumental in causing differences. 

It seems that the high degree of tuber resistance of many varieties is caused by 
barriers to penetration of the skin by the fungus. Whether the living or the dead part 
of the skin is instrumental in this respect remains to be seen. It is quite possible that 
hypersensitivity reactions play an important role, although purely mechanical diffi- 
culties may be the cause in other cases. 

Possibly the main conclusion to be drawn from the above experiments is that more 
work should be undertaken in this direction. It is obvious that valuable information 
can be gained, the more so since the degree of field resistance of so many varieties 
is known through the careful observations of HOGEN EscH and ZINGSTRA (3). 


4, THE RELATION BETWEEN TIME OF RIPENING AND RESISTANCE OF TUBERS AND LEAVES 


The tables 5 and 6 demonstrate the correlation between ripening time and resistance 
to Phytophthora of the leaves and of the tubers. From these tables it appears that first 
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early material with a high degree of leaf resistance does not occur. The most extreme 
combination in this respect is presented by the variety Frühmölle (9-6) and it possesses 
a very modest degree of resistance only. 


TABLE 5. RELATIONS BETWEEN RIPENING TIME AND LEAF RESISTANCE TO Phytophthora infestans *) 


Ripening time 
Early Late 
10 9 8 7 6 5 4 3 
3 2 2 3 2 0) late 
Susceptible suscept- 
4 8 15 1E 6 1 ible 
5) 1 9 10 10 5 
6 1 1 10 15 6 4 
Leaf resistance (1) (2) 
7 3 4 11 6 
(1) 
8 | early 1 2 9 8 3 
resistant (1) (1) 
9 1 4 3 
Resistant (2) (2) (7) (4) 
10 


TABLE 6. RELATION BETWEEN RIPENING TIME AND DEGREE OF FIELD RESISTANCE OF THE TUBERS TO 
Phytophthora infestans *) 


Ripening time 


Early Late 
10 9 8 u 6 5 4 3 
3 1 4 4 Í 
Susceptible (1) late 
4 1 6 ij 3 1 suscept- 
ible 
5 4 6 8 5 2 
6 4 5 6 6 1 
Tuber resistance (1) (2) (1) 
7 2 5 13 13 12 7 
8 1 4 9 ie) Ik) 9 4 
Q) 
9 | early 2 5) 2 3 
Resistant resistant (1) (9) (3) 
10 1 
(1) 


The combination late and yet very susceptible also is rare; among the maincrop 
varieties, however, some occur with a relatively low resistance. Extreme conbinations 
are the late varieties Rosa (5-4), Erdgold, Kerr’s Pink, Pepo, Pontiac and Up to Date 
(all 5-5). 


*) in brackets: hypersensitive varieties mostly possessing the gene R,, 
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The correlation between ripening time and tuber resistance is not as close as with 
leaf resistance. First early varieties showing a high degree of tuber resistance are Doré 
(9-7), Frühmölle (9-7) and Arran Pilot (9-8); second earlies are Deva, Di Vernon, 
Frühbote and Vanguard (8-8). On the other side we find the very late (4) variety 
Sequoia to be extremely susceptible (3); other extreme combinations are the late (5) 
varieties Craigs Bounty, Rosa, Furore and Pepo, showing a degree of field resistance 
indicated by 3, 4, 5 and 5 respectively. In this connection also the very late (4) Craigs 
Snowwhite, Industrie, Rode Star and Ronda have to be mentioned as they show the 
relatively low degree of resistance of 6. 

For the breeder the question arises whether earliness can be combined with a high 
degree of leaf resistance. From the results of all the breeding work done since about 
100 years ago the most probable conclusion is that it is possible to combine both 
characters only to a limited extent and that presumably there is a physiological 

 correlation between earliness and a high degree of susceptibility, However, the possi- 
bility of the correlation being genetical is not disproved as yet. 

According to FRANDSEN (1,2) in the clone M.P.I. 49.536.13 earliness is combined 
with a high degree of field resistance. Leaves sent by him to Wageningen in 1956 and 
1957 showed no mycelial growth when inoculated with a swarmspore suspension of the 
race (0.4). It seems that an R-gene for hypersensitivity is present and part of 
the resistance possibly depends on this gene. However, further study of this case 
is needed. 

It should be kept in mind that the above assumption only holds true for what 
has been observed until now and that further facts may yet come to light. Per- 
haps in S. America or in Mexico material is to be found with genes that contribute 
to the degree of field resistance and do not exert an effect on the length of the vegetative 
period. The claims of earliness and resistance for the new variety Pentland Beauty 
would seem to bear this out as it has been bred from South American primitive 
material. 

SAMENVATTING 


Enige gegevens over het verband tussen veldresistentie tegen Phytophthora infestans 
in de bladeren en knollen en de rijpingstijd van de gewone aardappel 


Een overzicht is gegeven van de correlatie tussen drie eigenschappen nl. veldresisten- 
tie van het blad en van de knollen tegen Phytophthora infestans en de rijpingstijd van 
268 aardappelrassen. 

Het verband tussen bladresistentie en rijpingstijd is zo nauw, dat het waarschijn- 
lijk niet mogelijk is vroegrijpheid met een grote mate van resistentie te combineren. 
Deze conclusie betreft alleen de subspecies tuberosum van Solanum tuberosum. Mis- 
schien, dat deze nauwe en wellicht physiologische correlatie door het gebruik van 
wild of gekweekt materiaal uit Zuid-Amerika en Mexico zal kunnen worden gebroken. 

Er is niet zo’n sterke correlatie tussen rijpingstijd en knolresistentie. Uit enige voor- 
lopige proefnemingen is de indruk verkregen, dat de schil in vele gevallen een belang- 
rijke barrière vormt tegen het indringen van Phytophthora in de knollen. Ook de af- 
weerreactie van het vlees is echter van betekenis voor de aantasting van de knollen 


te velde (veldresistentie). 
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ABSTRACT 


The production of carrot seed sometimes presents the problem of the occurrence 
of seedless umbels. During an investigation into the cause of this phenomenon, a 
number of floral-biological data have been collected which are valuable both for the 
seed production and breeding of this crop. 


1. The distribution of male flowers and bisexual flowers. 
Both in the wild carrot and in 2 cultivated varieties the tendency to produce male 
flowers was encountered. In all forms tested the percentage of male flowers was 
practically negligible in the main umbel and was found to increase regularly in 
umbels of higher order. There were, however, clear differences in the mean per- 
centage between the forms tested. Presumably the tendency to produce male flowers 
is determined genetically, but it may also be affected by the environment. 

2. The occurrence of male sterility. 
This character, which was encountered in the wild carrot and in one cultivated 
variety, manifested itself in all plants tested by the fact that the filaments remained 
unrolled and the anthers did not dehisce. This character may prove highly valuable 
in the production of hybrid varieties. 

3. Reduced seed set not due to bugs. 
In the field bugs often cause a reduction in the seed yield. From experiments made 
in bug-free rooms it was shown that a sufficient cross-pollination may ensure a 
high production of carrot seed. But even in this case an optimal seed set was not 
obtained. 


INTRODUCTION 


In 1951 an investigation was started to establish the cause of the occurrence of seedless 
umbels in carrot plants. This phenomenon had been observed in different Localities in 
the Netherlands and often resulted in serious reductions in the seed production. At 
first it was thought that some defect in the pollination, fertilisation or embryo develop- 
ment was responsible for the disorder, but later it was shown to be caused by the bug 
Lygus campestris L. feeding on the flowers and developing ovaries (7). In the course 
of the investigations some data on the floral biology of the carrot were collected. As 
these data were considered to be of importance for both the breeding and seed pro- 
duction of this crop, they will be reported in the present article. 

Observations on the initiation of inflorescence and flower, on anthesis, pollination, 
development of embryo and seed mainly confirmed the findings of BORTHWICK and 
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co-workers (3, 4), so they will not be discussed here. The following three points, 
however, will be treated in some detail: 


a. the distribution of bisexual and male flowers in umbels of wild carrots and of some 
cultivated varieties; 

b. the occurrence of male sterility in wild and cultivated carrots; 

ce. reduction of seed set not caused by bugs. 


As regards the systematics of the genus Daucus, in this article the system given by 
THELLUNG (6) has been followed. Hence all plants studied, both the wild and the 
cultivated forms, must be regarded as belonging to the species Daucus carota L. 


THE DISTRIBUTION OF BISEXUAL AND MALE FLOWERS 


In a flowering carrot plant the main growing point of the leaf rosette has developed 
into a leaved stem terminating in the main umbel or first-order umbel. From the leaf 
axils of this main stem side-shoots are produced which at their tops bear second-order 
umbels. In the same manner these lateral branches produce side-shoots bearing third- 
order umbels and in the course of this process fifth-order and even sixth-order umbels 
are formed. 

Just as in other Umbelliferae the umbels of the carrot are compound inflorescences. 
An umbel consists of a number of umbellets bearing either bisexual or both bisexual 
and male flowers. The bisexual flowers possess an inferior ovary, 5 minute green 
calyx teeth and 5 white petals. The 5 stamens are inserted on the margin of an epigynous 
disc, in the centre of which are 2 styles (Fig. 1 A). The fruit is a bilocular schizocarp; 
at maturity it splits into 2 dry achenes containing 1 seed each. The latter are commonly 
called the “seeds’ of the carrot and for convenience this name will also be used in this 
paper. In the male flowers the ovary and the styles are absent (Fig. 1B). Hence the 
male flowers cannot produce seeds; they die soon after anthesis. 


Fie. 1. 


FLOWERS FROM NORMAL 
PLANT (X 14), 


Bisexual (A) and male flower 
(B) 

The petals and three stamens 
have been removed 
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FLORAL BIOLOGY OF THE CARROT 


During the last part of the 19th century floral biologists in several countries of 
Central and Western Europe studied the distribution of male and bisexual flowers in 
the umbels of the wild carrot. The results of their observations were compiled by 
KNUTH and published in his book “Handbuch der Blütenbiologie” in 1898 (8). The 
following information has been taken from his book: “The first-order umbel as a rule 
contains only bisexual flowers. In the lateral umbels, however, male and bisexual 
flowers are always found together. The former occur in relatively larger numbers in 
lateral umbels of higher order than in those of lower order. The ratio between the 
two kinds of flowers is more or less the same for the different umbellets in one and the 
same umbel, with the exception of the central umbellet which is often reduced to one 
bisexual flower, but may also contain a few male and bisexual flowers. In the other 
umbellets the two kinds of flowers are arranged in a well-defined pattern: a bisexual 
flower in the central position, a zone of male flowers surrounding it and a zone of 
bisexual flowers at the periphery”. 

The findings of the authors mentioned by KNutH have been confirmed by 
RUBASHEVSKAIA (9), in a more recent publication on wild carrots from the Asiatic and 
the European part of the U.S.S.R. RUBASHEVSKAIA was the first to publish exact 
figures on the ratio between the numbers of male and bisexual flowers in umbels of 
different order. The data in table 1 have been taken from the above mentioned Russian 
publication. The table shows the percentage of male flowers in umbels of different 
order and in umbellets taken from three different zones of one umbel. It appears that 
within one kind of umbel the percentage of male flowers is rather constant. However, 
there is a marked increase in this percentage in umbels of higher order. This is found 
in both subspecies studied by RUBASHEVSKAIA, viz. the oriental and the occidental form. 


TABLE 1. DISTRIBUTION OF MALE FLOWERS IN WILD CARROTS FROM THE U.S.S.R. (RUBASHEVSKAIA) 


Male flowers, % of total number of flowers 
; Location 
Sub-species in umbel First-order Second-order | Third-order | Fourth-order 
umbel umbel umbel umbel 
Daucus centre + 0 (7) 53 (7) 58 (7) 63 (7) 
carota spp. intermediate + 0 (7) 38 (7) 52 (7) 65 (7) 
orientalis periphery + 0 (7) 41 (7) 51 (7) 54 (7) 
weighed + 0 38.5 51.8 63.2 
mean value”) 
Daucus centre + 0 (8) 39 (8) 45 (8) 40 (8) 
carota ssp. intermediate + 0 (8) 33 (8) 54 (8) 54 (8) 
occidentalis periphery —+ 0 (8) 29 (8) 44 (8) 57 (8) 
weighed + 0 3253 523 54.5 
mean value”) 


Figures in parenthesis : number of umbels. 


*%) see text. 


The studies mentioned thus far concern the wild growing Daucus carota and practi- 
cally no information is to be found in the literature about the tendency to develop 
male flowers in cultivated varieties. Therefore it seemed advisable to examine whether 
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this tendency also occurs in cultivated carrots. To provide a basis of comparison with 
the Russian experiments we have also examined wild growing carrots. The plants of 
the cultivated varieties were taken from the experimental garden of the Institute of 
Horticultural Plant Breeding at Wageningen and from the commercial seed fields 
around Hoorn in the province of North Holland. The wild carrot plants were collected 
around Wageningen along the river Rhine. In the umbels of the first to the fourth 
order, the bisexual and the male flowers were counted. For this purpose we divided an 
umbel into three zones: 


1. the outer zone, i.e. the umbellets at the periphery (15.6 per cent of all umbellets); 

2. the central part, ie. the central umbellet, or if this could not be recognized with 
certainty, the few umbellets in the centre showing reduced development (4.6 per 
cent of all umbellets); 

3. the intermediate zone, i.e. all the remaining umbellets (79.6 per cent of all umbellets). 


To simplify a comparison of the different forms of Daucus carota, socalled ““weighed 
mean values” have been included in the tables. These values are determined as follows. 

Countings in a number of umbels revealed that about 15 per cent of the umbellets 
are located at the periphery, about 80 per cent in the intermediate part and only about 
5 per cent in the centre. As the central umbellets are so small in number and usually 
contain only one or a few flowers, they have been excluded from the calculation of the 
mean value. To the percentages of male flowers at the periphery and the intermediate 
part we have assigned the weights of 1 and 5 respectively, so that the “weighed mean 
values” can be represented by the formula: 
(1 x percentage male flowers at the periphery + 5 x ditto from the intermediate 
part) : 6. 

The results from countings in wild carrot plants are shown in table 2, those obtained 
with two cultivated varieties are given in table 3. In table 4 the figures are shown for 
plants of Amsterdam Forcing, grown under two different sets of conditions; in the 
first group the carrots were planted in the field and so the umbels developed under 
field conditions, in the second the carrots were potted and placed in a coldhouse. From 
the various tables it appears that all the different forms of Daucus carota show the 
same tendency, namely a progressive increase in the percentage of male flowers in 
umbels of higher order. 


TABLE 2. DISTRIBUTION OF MALE FLOWERS IN WILD CARROTS FROM WAGENINGEN 


Male flowers, % of total number of flowers 
Location in umbel First-order Second-order Third-order Fourth-order 
umbel umbel umbel umbel 
Centre Kee. + 0 (5) 40 (5) 47 (6) 48 (4) 
intermediate . . .. + 0 (5) 34 (5) 49 (6) 52 (4) 
periphery ne - 0 (5) 25 (5) 50 (6) 49 (4) 
weighed mean value*) +0 825 49.2 51.5 


Figures in parenthesis : number of umbels 
#) see text 
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TABLE 3. DISTRIBUTION OF MALE FLOWERS IN TWO CULTIVATED CARROT VARIETIES FROM HOLLAND 


Re Male flowers, % of total number of flowers 
Variët Location in : : 
LSL umbel First-order | Second-order | Third-order \ Fourth-order 
umbel umbel umbel umbel 
Amsterdam centre — 0 (4) 47 (4) 46 (6) 41 (9) 
Forcing intermediate + 0 (4) 19 (4) 29 (6) 46 (9) 
periphery + 0(4) 124) 28 (6) 44 (9) 
weighed + 0 17.8 28.8 45.7 
mean value *) 
Flakkeese centre + 0 (4) 0 (6) 29 (8) 44 (7) 
intermediate + 0 (4) 2 (6) 22 (8) 34 (7) 
periphery —+ 0 (4) 0 (6) 18 (8) 30 (7) 
weighed + 0 157 2155 3323 
maen value”) 


Figures in parenthesis : number of umbels 
*) see text 


TABLE 4. DISTRIBUTION OF MALE ELOWERS IN AMSTERDAM FORCING PLANTS, GROWN UNDER DIFFERENT 


CONDITIONS 
Male flowers, % of total number of flowers 
f Location in > 
Environment umbel First-order Second-order | Third-order | Fourth-order 
umbel umbel umbel umbel 
Field centre + 0(4) 47 (4) 46 (6) 44 (9) 
intermediate + 0 (4) 19 (4) 29 (6) 46 (9) 
periphery + 0 (4) 12 (4) 28 (6) 44 (9) 
weighed + 0 17.8 28.8 45.7 
mean value”) 
Coldhouse centre + 0 (2) 41 (3) 39 (3) 40 (2) 
intermediate + 0 (2) 2145) 33 (3) 67 (2) 
periphery —+ 0 (2) 14 (3) 31 (3) 66 (2) 
weighed + 0 24.5 32.7 66.8 
mean value”) 


Figures in parenthesis : number of umbels. 
%) see text 


An analysis carried out by the mathematics section of the Institute has shown that 
with the exception of the Russian subspecies occidentalis and the Dutch wild carrot, 
the differences in the percentages of male flowers between the various catagories of 
plants mentioned in the tables 1 to 3 are significant. Therefore we may arrange the 
forms of Daucus carota discussed so far in the following 4 groups, in a decreasing 
order of their percentage of male flowers: wild carrot from the Eastern U.S.S.R. (ssp. 
orientalis) — wild carrot from the Western U.S.S.R. and from Holland (ssp. occiden- 
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talis) — cultivar Amsterdam Forcing - cultivar Flakkeese. The percentage of male 
flowers produced by a carrot plant seems to be mainly determined genetically. The 
differences between the plants of Amsterdam Forcing from the field and from the 
coldhouse (table 4) are only significant for the umbels of the fourth order and may 
have been caused by environmental factors. 


MALE STERILITY 


In KNurm’s book (8), cited earlier, it is mentioned that in the wild Daucus carota 
so called “physiologically female” plants sometimes occur, i.e. plants with leafy 
stamens or plants with stamens of which the filaments remain unrolled and the anthers 
remain closed at anthesis. As BEYERINCK (2) mentions partly male sterile wild carrots 
collected at Wageningen in 1886, it seemed advisable to re-examine the wild plants 
growing around Wageningen. It was found that a small part of the collected material 
was actually male sterile. The flowers of these plants are distinguished in that the 
filaments remain unrolled and the anthers do not dehisce. As a result of this abortion 
of the stamens the umbels only contain female and sexless flowers (Fig. 2A and 2B). 


Fie. 2. 

FLOWERS FROM MALE STERILE PLANT IN 
THE SAME STAGE OF DEVELOPMENT AS 
THOSE IN FIG. 1. (X 14) 

Female (A) and sexless flower (B). 

The filaments of the stamens have not 
unrolled; the anthers are shrivelled. 


At the initiative of Dr. BANGA a search was made for male sterile plants in cultivated 
carrot varieties in different seed growing centres in The Netherlands. Several male 
sterile plants of Amsterdam Forcing were found (1). The male sterility manifested 
itself in the same way as in the wild carrot from Wageningen. In order to find out 
whether male sterility also influences the ratio between flowers with and without 
ovary, countings were made in male sterile plants both of the wild form and of Amster- 
dam Forcing (see table 5). It appeared that the ratio in male sterile plants is similar to 
that in normal plants (see table 2 and the upper part of table 3). A comparison also 
shows that as rule the percentage of sexless flowers in the male sterile plants is 
higher than the percentage of male flowers in the normal plants. The difference proved 
to be significant for Amsterdam Forcing, but not for the wild carrot. It should be 
noted, however, that the number of male sterile wild plants examined was very small. 
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TABLE 5. DISTRIBUTION OF ASEXUAL FLOWERS IN MALE STERILE PLANTS OF THE WILD CARROT AND OF 
THE VARIETY AMSTERDAM FORCING 


Asexual flowers, % of total number of flowers 


Location in 


umbel |_ First-order Second-order |_Third-order | Fourth-order 
umbel umbel umbel umbel 
Wild carrot centre + 0 (2) 0 (2) 0 (2) 0 (1) 
intermediate tE 0 (2) _ 34 (2) 42 (2) 64 (1) 
periphery Jt 0 (2) 37 (2) 40 (2) 62R( 10) Pe 
weighed + 0 34.5 41.7 63.7 
mean value”) 
Variety centre + 0 (4) 44 (6) 43 (8) 60 (4) 
Amsterdam intermediate —+ 0 (4) 35 (6) 49 (8) 59 (4) 
Forcing periphery —+ 0 (4) | 38 (6) 44 (8) 56 (4) 
weighed + 0 3585 en 48.2 58.5 


mean value”) 


Figures in parenthesis : number of umbels 
*) see text 


The data presented above seem to suggest that the genetic factor which determines 
the ratio between the number of flowers with an ovary and those without one is not 
entirely independent in its action of the factor governing male sterility. 


DECREASED SEEDSETTING IN NORMAL FLOWERS 


From experiments on the influence of bugs on the seed production it appeared 
that even when bugs were absent, a number of ovaries did not develop into seeds. In 
the control experiment the main umbels of three plants of Amsterdam Forcing 
produced, on average, 0.44 seeds per perfect flower (7). Theoretically, however, this 
number can be 2. 

In order to find out whether fertilization had occurred or not, a number of the 
undeveloped ovaries were examined microscopically after fixation in F. A. A. and 
staining with cotton blue 0.1 per cent. The preparations thus obtained mostly presented 
a picture similar to that observed in incompatible pollinations in other cross pollinating 
crops, i.e. bad germination or no germination at all of the pollen, pollen with short 
tubes, irregular development of pollen tubes, sometimes with swollen ends. Stigmas 
without any pollen were also encountered. Fertilization usually had not occurred. This 
seems to indicate that in this case the abnormal seedsetting resulted from imperfect 
eross pollination. 

Later the relative seedsetting in a larger number of plants of the same variety was 
determined again. As in the experiments mentioned above, these plants were potted 
and, to eliminate the influence of bugs on seedsetting, placed in an insect-proof 
isolation room of a glasshouse several weeks before flowering. During anthesis flies 
were brought inside to-ensure pollination. About six umbellets were picked from the 
nearly mature main umbel of each plant. In each umbellet the undeveloped ovaries 
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and those which had produced seeds were counted separately (see table 6). The 
average number of seeds per flower was found to be 1.40, so in this case it approached 
the theoretical value of 2 seeds per flower. 


TABLE 6. FRUIT SET OF MAIN UMBELS, 9% OF TOTAL NUMBER OF HERMAPHRODITIC FLOWERS IN THE 
VARIETY AMSTERDAM FORCING 


Field number of | | | 
plant 682 688 742 | 867 1020 1021 Average 


Fruit setting in % 80 86 60 | 73 55 67 70 
DISCUSSION 


Production of male flowers, male sterility and the apparent inability of some 
ovaries to develop may have an adverse effect on the seed production in Daucus 
carota. These factors may act separately or jointly. When carrot seed is harvested 
mechanically, only the first-order umbel and those of the second and third order have 
ripened sufficiently to produce viable seeds. These umbels produce about 90 per cent 
of the total seed yield (5). So a relation may be expected between the percentage of 
male flowers of these categories of umbels and the seed yield. 

That the production of male flowers is genetically determined may be derived from 
the difference in the percentage of male flowers found in the wild forms on the one 
hand and in cultivated varieties on the other, and also from the differences shown 
by two cultivated varieties e.g. Amsterdam Forcing and Flakkeese. This suggests that 
improvement of seed production in certain varieties might be obtained by breeding. 

It may also be possible to influence the percentage of male flowers by cultural 
methods, as appears from the difference shown by plants of Amsterdam Forcing from. 
the field and from a coldhouse. 

Male sterility as a means of producing hybrid varieties of carrot may be considered 
to be very important. From its occurrence in wild carrot it was expected that this 
property is also present in cultivated varieties and the facts have proved this assumption 
to be correct. This phenomenon does not present any risk for the seed production at 
present, as it rarely occurs and probably can easily be eliminated by selection. 

Whether a limitation of the average seedsetting to only 70 per cent observed in 
plants kept in a bug-free environment was the result of deficient cross pollination is 
not certain. In this particular experiment a large number of flies had been brought 
into the rooms to ensure optimal pollination. Further research will be needed to 
examine the possibility of another factor becoming limiting under such conditions. As 
a rule pollination will probably not be a limiting factor under field conditions. It will 
be very difficult to study this particular problem in the field because of the depressing 
effect by the omnipresent Lygus bugs on ovary development. 

Apart from the three aspects discussed in the present paper, other factors also may 
be of importance for an analysis of the seed production, e.g. the number of the second 
and third-order umbels per plant, the number of umbellets per umbel and the number 
of flowers per umbellet. 
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SAMENVATTING 


Enige waarnemingen over de bloembiologie van de wortel (Daucus carota L.) 


Bij de teelt van wortelzaad heeft men soms te kampen met het optreden van zaad- 


toze schermen. Tijdens een onderzoek naar de oorzaak van dit verschijnsel zijn een 
aantal bloembiologische gegevens verzameld, welke van belang zijn, zowel voor de 
zaadproduktie als voor de veredeling van dit gewas. 


1. 


Se) 


mk 


Het voorkomen van manlijke naast tweeslachtige bloemen. 

Zowel bij de wilde peen als bij 2 onderzochte kultuurrassen (Amsterdamse Bak en 
Flakkeese), is de neiging tot het vormen van manlijke bloemen aangetroffen. Alle 
onderzochte vormen vertoonden overeenstemming in zoverre dat het percentage 
manlijke bloemen vrijwel nul was in het hoofdscherm, maar in de schermen van 
hogere orde regelmatig toenam. In het gemiddelde percentage waren er echter 
duidelijke verschillen tussen de onderzochte vormen. Vermoedelijk wordt de ten- 
dens tot het vormen van manlijke bloemen erfelijk bepaald, maar daarnaast ook 
beïnvloed door het milieu. 


„ Het optreden van manlijke steriliteit. 


Deze eigenschap, die bij de wild groeiende wortel en één kultuurras (Amsterdamse 
Bak) is aangetroffen, uitte zich bij alle onderzochte planten door het opgerold 
blijven van de helmdraden en het niet openspringen van de helmknoppen tijdens 
de bloei. Deze eigenschap kan van grote waarde zijn voor het produceren van hy- 
bride-rassen. 


„ Verminderde zaadzetting, welke niet het gevolg is van wantsenaantasting. 


In het veld veroorzaken wantsen dikwijls een vermindering in de zaadopbrengst. 
Bij proeven, genomen in wantsenvrije ruimten kon een hoge zaadopbrengst ver- 
kregen worden, mits voor een goede kruisbestuiving was gezorgd; maar ook dan 
werd een maximale zaadzetting niet bereikt. 
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ABSTRACT 


If the period is considered during which a certain development of a plant takes 
place, experience has shown that in many cases there is a strong correlation between 
temperature and rate of development. A method has been worked out to estimate 
from phaenologic data a linear or curvilinear relation between the temperature and 
the rate of development. 


INTRODUCTION 


Experience has shown, that for various plants the rate of development appears to 
be highly correlated with the air temperature. More exactly, the rate of development 
is dependent on various factors, which can be divided into two groups: (a) factors 
which under field conditions are highly correlated with the air temperature, (viz: the 
day- and night temperatures of the plant, the temperatures of the soil, and the radia- 
tion) and (b) factors which are slightly if at all correlated with the air temperature 
(such as water supply, soil conditions, day length requirement). In the following study 
we shall only be interested in the correlation between the rate of development and the 
air temperature. This correlation may be expected to be high enough to be of interest 
if the factors of the second group are not too variable. If, however, the conditions of 
day length, soil, or water supply vary from sub-minimum to adequate, they may 
disturb the correlation we want to study. This indicates the limits of the applicability 
of the following method. 

Since the days of SAcHs we know that the relation between temperature and rate 
of development is not linear; starting from a certain temperature threshold, with 
rising temperature the plant responses with an increasing rate of development, reaching 
a maximum, after which the development decreases again (Fig. 1). We shall endeavour 
to work out a method to estimate the form of this curve or, more exactly, the form of 
the regression function of the rate of development on the temperature. We have to 
assume that this regression function remains constant during the phase of develop- 
ment considered. If it should be possible to make this estimate from phaenologic data 
already available, the result might give rise to further physiological detail studies, 
apart from the immediate practical value which it might have, for instance as char- 
acteristics of different species or varieties. 

The problem has already been approached in different ways. The application of 
“heat summations” (“remainder index”, &c) is based on a constant ratio between the 
rate of development and the temperature above a certain threshold; the optimal 
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temperature is supposed to fall beyond the range of observations. The threshold 
temperature is estimated by a method of try and error, by requiring the sum of the 
temperatures above the threshold to have the smallest coefficient of variation. UNGER 
and FABIG (3) have modified this principle, by allowing for an optimal temperature as 
well, which is estimated by the same method of successive approximations. UNGER (4) 
computed the correlation between the frequency in certain temperature classes and the 
length of the period of development, which is a more direct way to estimate both the 
threshold and the optimal temperature. 

The following method gives a direct approach of a curvilinear regression of the 
rate of development on the temperature. 


METHOD 


For practical reasons we shall use the term thermoreaction, which is defined here as 
the contribution during one hour in a certain phase of development of a plant, as 
attributed to the air-temperature during that hour by a regression function. The total 
development in the phase considered is the unit in which the estimated hourly 
thermoreactions are to be expressed and therefore by definition the sum of the es- 
timated thermoreactions, which together build up the development considered, is 
expected to be unity. If a plant variety is grown under different temperature conditions, 
the number of hours needed for the development may vary considerably, but the sum 
of the thermoreactions must approach to unity for each planted crop. 

We will write this in mathematical symbols. If r is the thermoreaction during one 
hour with temperature t‚ then we may write the regression function 


0 


If n; stands for the total number of hours during which a temperature t‚ has 
prevailed, then the sum of the thermoreactions ri, summed over all values of i, is: 


Zmnit; — Xnif(t;) 
Now by definition the expectation value of this sum is unity; 
EXnir;) =— ElXn;f(t)] — 1 1) 


So the problem is to find a function f(t), which satisfies this equation for each 
planting, with the smallest error-variance. 

So the data we need for each plan- 
ting are the number of hours during 
which each temperature has prevailed 

during the period of the development 
considered. These temperature fre- 
queney distributions can be read 
| 
I 


from thermograph charts. 

The thermoreaction curve may be 
t expected to have a form as sketched 
®) Mm in figure 1. Below a temperature t, 


FiG. 1. EXPECTED FORM OF A THERMOREACTION CURVE _ the reaction is zero. Upwards of t‚ the 
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reaction rises to a maximum value by temperature t, after which the reaction 
decreases. Between t, and t, a linear function might yield a useful estimation. (This 
is substantially the base of the “heat summations’”). If, however, higher temperatures 
also occur, a second degree polynomial function would yield a better estimation and 
if sufficient data are available a third degree polynomial might be worked out. 

The method for solving the problem mathematically will be indicated briefly for 
a second degree reaction function: 


T=a—bt+ct? 


During the n; hours in which temperature t; has prevailed the total contribution to the 
development is supposed to be: 


nit; — an; + bn;t; + cn;t;° 


The complete development is composed by the contributions of all temperatures which 
have occurred, so that equation (1) now reads: 


an; + ben;t; + cXnit;* = 1 (2) 
n which 1 is a stochastic value. 
hi, nit; and n;t; 


must be computed from the temperature frequency distributions of each planted crop, 
so that each planting yields one equation. From a set of equations the value of the 
parameters a, band c can be solved by the method of the least squares, resulting in the 
empirical thermoreaction function. The accuracy of this function can be measured by 
the variance of the expectation value, 1, of the reactions sum. 

It is advisable in the computations to discard all hours during which the temperature 
is so low that the reaction must be expected to be zero. An iterative process may be 
necessary to find this “working threshold temperature”. 

Now which hours should be included in the temperature frequency distribution: 
all 24 hours or daylight hours only? Both should be tried. Therefore separated fre- 
queney-distributions should be made for daylight and for night temperatures. For the 
development of garden peas from sowing date to first flower, daylight hours gave by 
far the smallest variance. 

A promising possibility is to suppose that the development is composed of a day- 
light-thermoreaction and an independent night-thermoreaction: 


r = f(t) + f‚(u) 


in which t is day- and u is the night-temperature. The two partial thermoreaction 
curves should be estimated simultaneously. In this case four or six parameters have 
to be estimated, for which many data are required. 1 am afraid, however, that this 
would yield no reliable results if the data come from crops grown in the open: under 
those circumstances night- and daytemperatures are highly correlated, so that the 
daylight- and nightthermoreactions would be partially “confounded”, in a mathem- 
atical sense. This shall have to be studied further. 

In this connection it might be mentioned that UNGERS empirical estimation of 
optimal temperatures for day and night may be biassed by this effect (UNGER, 4). 
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The fact that the differences between the estimated optima are very much the same 
as the difference between the average day and night temperatures, only adds to the 
doubt whether his estimates are independent, and not to a great extent effected by 
the correlation between day and night temperatures. 


EXAMPLE 


Daylight-thermoreaction curves for the period between sowing and the production 
of the first flower have been computed for 14 varieties of garden peas, grown once 
each year from 1946 to 1956 inclusive, in the fields of the Institute of Horticultural 
Plant Breeding, Wageningen (Holland), sowing dates varying from March 14 (1952) 
to April 21 (1947). The dates of the opening of the first flower were in the records. 
The variety Lincoln is known to be a long-day plant (BANGA, 1). The sequence of 
flowering for early and late sowing dates did not differ significantly however, so the 
day length may be considered always to have been above the critical value. The plots 
were adequately prepared and manured. The groundwater level is high enough to 
guarantee the supply of water, also in dry periods. 

These phaenologic data have been compared with the precise hourly temperatures 
of the meteorologic station De Bilt, at 35 km distance. Average temperatures in De 
Bilt and in the fields around Wageningen differ only slightly. 


| —o— [947 (47 DAYS) 


—— 1950 (67 DAYS) 


---- 1952 (60 DAYS) 


NUMBER OF DAYTIME HOURS 


20 o 30 
TEMPERATURE IN °C 


Fig. 2. TEMPERATURE FREQUENCIES (IN NUMBERS OF DAYTIME-HOURS) WITHIN THE PERIOD : SOWING TO 
FIRST FLOWER OF A GARDEN-PEA VARIETY, FROM THREE DIFFERENT PLANTINGS 
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The hourly temperatures, recorded within the periods considered, have been made 
up into frequency tables, separately for daylight hours and for night hours. In figure 2 
the frequencies of daylight temperatures are shown for an early variety, during three 
different years. 

In figure 3 the second degree polynomial thermoreaction curves are shown, as 
computed from the temperatures above 3 °C for daylight hours only. We seem to 
find three main types of curves. 


Type I curves are remarkably similar: first positive reaction at about 5°-—6 °C, 
maximum reaction around 22 °C. The estimated curves cover the entire range of the 
theoretical curve sketched in figure 1. 


Type II shows much more variation, the first positive reaction is shown at 2°—6 °C, 
the maximum reaction would probably fall at 30 °C or somewhat higher. Apparently 
the estimated curve coincides with the part between t, and t, of figure 1. 


Type U is rather uniform again. Obviously only that part of the reaction curve has 
been estimated which is shown in figure 1 from near t, to somewhere before t…. The 
optimum may be expected to fall somewhere around 35 °C. It is a striking fact that the 
4 varieties of Type III, which show a positive reaction even near zero-temperature, 
are in the records of our Institute as not susceptible to frost, whereas al! of the other 
10 varieties are more or less damaged by frost. 


The accuracy of the estimated curves may be judged by the standard deviations of 
the stochastic value 1 in equation 2. The pooled standard deviations for all varieties 
amounts to 0.066; for the Types 1, Il and III they are 0.082; 0.059 and 0.050 respect- 
ively. The highest value is 0.099 for Velocity, and the lowest is 0.039 for Alaska. 

Linear regression functions have been computed, but are not mentioned here. The 
standard deviations associated with these estimates, which are basically identical 
with the coefficients of variation of heat summations, differ only slightly and not 
significantly from the values mentioned above, although they have one more degree 
of freedom. The pooled average is 0.065. 

The pooled coefficient of variation of the number of days amounts to 0.13. 


DISCUSSION 


After the communication of this subject at the XVth International Horticultural 
Congres, April 1958, the author received valuable comments from different sides, which 
contributed to a better formulation. We are very well aware that the work on garden 
peas is not yet finished. The curves from figure 3 are merely given as examples of what 
may be attained, and not as final reaction curves of 14 pea varieties for the phase: 
sowing to first flower. It was thought justified and desirable however to communicate 
the method in this stage. It shows a way to extract, from data already available, certain 
trends of the thermal response of plants, and of the differences in behaviour of plant 
varieties. Therefore it might be a useful tool for physiological research and for plant 
breeders. 
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J.H. A. FERGUSON 
SAMENVATTING 
Een empirische benadering van thermoreactiecurven voor de ontwikkelingssnelheid 


Bij het beschouwen van de periode, waarin een plant een zekere ontwikkeling door- 
loopt, blijkt er in veel gevallen een sterke correlatie te bestaan tussen de temperatuur 
en de ontwikkelingssnelheid. Een methode is uitgewerkt, met behulp waarvan voor 
bedoelde gevallen een lineair of kromlijnig verband tussen temperatuur en ontwikke- 
lingssnelheid kan worden berekend, uitgaande van fenologische gegevens en uur- 
temperaturen. 
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ABSTRACT 


The behaviour of 19 varieties of spring wheat under different environmental condi- 
tions is discussed in terms of the following five characters: weight per grain, grains per 
spikelet, spikelets per ear, ears per plant and yield of grain per plant. The first four 
of these characters (the components of yield) are shown by correlation analyses to be 
largely independent of each other. 

Four varieties, chosen because they each showed extreme values of one or more of 
the components of yield, were crossed in all possible combinations. The F, and F, of 
this diallel set of crosses was analysed for each character according to the method of 
JINKS and HAYMAN. The results are discussed in relation to crop improvement and 
predictions are made for each character as to which cross or crosses are likely to be 
the most profitable for the breeder. The future handling of this material in order to 
test these predictions is outlined. 


INTRODUCTION 


The breeder of self-pollinating annual crops is, in general, faced with a problem 
which may be resolved into two parts: (a) the choice of the best parents for hybridisa- 
tion and (b) the selection of the best lines from hybrid progenies. Some methods of 
attacking the second part of the problem were discussed by LUPTON and WHITEHOUSE 
(5) while in this paper it is proposed to consider the use of a diallel cross as a means 
of evaluating certain parental combinations. In breeding programmes in which simply 
inherited characters, such as resistance to certain diseases, form the basis of the work, 
the choice of parents may be obvious without using any special technique; but when 
the principal character is one such as yield, the inheritance of which is extremely 
complex, the breeder may need guidance when making his choice. 

There are two ways of approaching the problem of choosing parents. One is by a 
careful study of as many as possible of the potential parents, observing them for the 
more important characters and selecting complementary pairs or groups of varieties 
which might, by recombination, result in a worthwhile advance. The second method 
involves the production of large numbers of crosses, followed by the elimination of 
many of them in early generations as a result of observations made preferably during 
the F,. The emphasis in the latter is placed on examination of the hybrids rather than 
the parents although it is of course, still necessary to choose only a few out of many 
possible parents. 

* Permanent Address: Estagäo Agronómica Nacional, Sacavém, Portugal. 
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When seeking improvements in yield, the information of most help to the breeder 
would be the distribution of yields in the population of pure lines resulting from 
random selection within each cross, but as it would take more time and effort to obtain 
this information than to handle the cross by one of the selection methods available, it 
is necessary to turn to other techniques. It is particularly important to base assessments 
of individual crosses on their behaviour in the early generations, preferably the F,, 
so that crosses having a low probability of producing high yielding lines can be dis- 
carded thus allowing the expansion of the better crosses. An analysis of a diallel set of 
crosses may enable predictions to be made from the information collected in the F,. 
In order to study the value of this method a group of spring wheat crosses was made 
using parents chosen because of the large differences between them in certain charac- 
ters which contribute to yield. 


À STUDY OF PARENTS AND CHARACTERS 


Four primary characters were selected for study. These were the average values of 
the weight of a single grain (expressed in milligrams), the number of grains per 
spikelet, the number of spikelets per ear and the number of ears per plant. They were 
chosen partly because numerical estimates could be obtained fairly easily, and partly 
because the product of the four characters gave the yield of grain per plant and yield 
prediction was the main purpose of this work. A preliminary survey of spring wheat 
varieties, which was undertaken in 1952, showed that between the varieties there were 
large differences in the four components of yield, but it was not known to what extent 
they were inherited and to what extent they would be influenced by environmental 
factors such as soil fertility, plant spacing, sowing date, rainfall, day-length and 
temperature. An investigation was undertaken in 1953 into the effect of varying two 
of these environmental factors with a view to choosing parental varieties which not 
only differed as widely as possible in their components of yield, but were reasonably 
stable in their expression of these characters in various environments. As the results 
obtained are of some intrinsic interest they are quoted for all the nineteen varieties 
grown and not just for the four subsequently used for crossing. 

The nineteen varieties, which had diverse geographical origins in six European 
countries as well as North America and China (see Appendix I), were sown on three 
dates: February 27th (“early”), March 20th (“middle”) and April 9th (“late”). A 
randomised block design with three replications was used. Each plot consisted of 115 
seeds arranged in five rows 6 inches (15 cms.) apart with 2 inches (5 cms.) between 
seeds. In addition to three dates of sowing there were two levels of fertiliser dressing. 
The whole trial received a seed-bed dressing (“low”) of mixed fertiliser and half the 
plots an extra application (“high”) of ammonium sulphate on April 28th at a rate 
equivalent to three cwts./acre (380 kgm/hectare). 

The plots were harvested as they ripened, a maximum of 21 plants being taken 
singly from the central row of each plot. The remaining four rows were harvested in 
order to give a direct estimate of yield. From each of the single plants the following 
information was obtained: 


(a) the number of ears 
(b) the total number of spikelets 
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(c) the total number of grains 
(d) the weight of grain to the nearest 50 milligrams. 


From these data three additional statistics were calculated: 


(e) the mean number of spikelets per ear 
(É) the mean number of grains per spikelet 
(g) the mean weight of a single grain. 


In the subsequent analysis the average values per plot of g, f‚, e and a were used, while 
comparison of d with the yields obtained from the residue of each plot showed that 
there was substantial agreement between the two estimates although one was a plant 
— and the other a plot — yield. It should be noted that some plots, particularly those of 
the late maturing varieties Bersee, National 28, and Leapland Fronteira, from the 
late sowing suffered some damage from birds just before harvest. The figures for yield 
and the number of grains per spikelet particularly and the other characters to a lesser 
degree for these varieties should therefore be treated with caution. This does not apply 
to the diallel cross data since these varieties were not used as parents. 


TABLE 1. ANALYSIS OF VARIANCE OF VARIETAL TRIAL 1953 
Summary of mean squares and significance of variance ratios 


Weight/Grain | Graias/Spikelet Spikelets/Ear Ears/Plant Plot Yield 
M.S. VR M.S. VR M.S. VR M.S. VR M.S. VR 
Replications 2 3.58 0.0658 1.26 0.38 3,010 
Fertiliser il ie) 0.1294 3.96 9.73 EST Set 
Date 2 162.00 EEEN MOES SS ok 6.79 16.08 ES U OOMEN 
Fert. X Date 2 6.31 0.0155 1.34 1.66 * | 2,998 
Error 1 10 7.21 0.0424 2.36 0.29 1,582 
Varieties 18 |769.53 EEA OCOOT Sn Beer 1E SI, ke Sell ELOFO O3 Mens 
Vars. X Fert. 18 6.83 OOP Bral EEE 1,93 0.24 1,469 6 
Vars. X Date 36 | 35.70 ENOS OSM Ne 5.06 edelal S ie ete 
Vars. X Fert. X 
Date 36 2.87 0.0425 HT 0.27 1,235 pe 
Error 2 216 4,97 0.0374 1.39 0.22 817 


* Statistically significant at the 5 % level 
** Statistically significant at the 1 % level 
“ik Statistically significant at the 0.1 % level 


The analysis of variance for each of the five characters considered separately is 
summarised in Table 1 in which the degrees of freedom, mean squares and the level 
of significance of the F-test are given. Basing conclusions on the 1 % level of probabil- 
ity it can be seen from this table that: 


(D) the varietal differences for each character were highly significant. 
(ID) the date of sowing had a significant effect on all characters except the number of 


spikelets per ear. 
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(III) the varieties interacted significantly with date of sowing for all characters except 
the number of ears per plant. 
(IV) the fertiliser treatment produced a significant effect only on the number of ears 
per plant and the yield. 
(V) the only significant interaction between varieties and fertiliser was for the number 
of grains per spikelet. 


In Appendix II the data are summarised for each of the nineteen varieties tested and 
for the five characters investigated. In each table the varieties are listed in descending 
numerical order for the particular character and the four varieties ultimately selected 
for hybridisation are printed in italics so that their relative position can easily be seen. 
In making this choice, varieties having characters showing big environmental fluc- 
tuations (such as the yields of Bersee, Leapland Fronteira and National 28) were 
avoided as also were varieties in which the expression of the character was usually 
near the middle of the range (e.g. Rescue, Saunders, Tammi, Thatcher, Trym). In 
addition, CI 12633 (a derivative of T. timopheevi) was found to give some meiotic 
irregularities in crosses with varieties of 7. vulgare and was not therefore selected. 

Although information of the kind given in these tables is of some help when choosing 
parents it tells nothing about specific or general combining ability nor the extent to 
which characters highly expressed in different parents can be brought together in the 
offspring. If, for example, attempts are made to raise yields by combining the large 
grain of Peko and the numerous grains per spikelet of Apu it is very likely that a 
biological limit would be reached so that some other character, perhaps ear number, 
would be reduced. Because of this limitation there is but little prospect of discerning 
which pairs of varieties will combine advantageously without actually making the 
crosses. The purpose of the present study of the F, and F of six crosses is to predict 
which cross will give the best chance of finding, for each character, high manifestations 
which could subsequently be fixed in pure lines. 

In order to simplify the interpretation of the genetic analysis it is desirable to work 
with characters which are largely independent of each other with regard to changes in 
either the environmental or the genetic background. The data from the nineteen 
varieties in this trial should allow associations between characters to be detected. 
Using the data from single plots, an analysis of covariance was performed for each 
of the ten combinations of the five characters taken two at a time. Correlation coeffì- 
cients were calculated for each character combination for both varietal and treatment 
differences. (For this purpose the fertiliser and date of sowing treatments were not 
separated.) The correlation coefficients are presented in Table 2 (a and b) from which 
it can be seen that there are very few significant associations between the components 
of yield for the particular varieties and conditions used, but there are naturally more 
associations between yield and the components thereof. As far as year to year fluc- 
tuations are concerned it seems reasonable to assume that the four characters may be 
considered as independent. No predictions can‚ however, be made from these data 
about associations between the yield characters in an unselected progeny because the 
varieties used were not representative of such a progeny since they were mostly 
produced by plant breeders consciously selecting for high yield. 

Reciprocal crosses were made in 1954 between the four varieties Apu, Fram II, 


150 


BREEDING OF SELF-POLLINATING CEREALS 


TABLE 2. CORRELATION COEFFICIENTS 


a) Between values of the five characters for 19 varieties of wheat listed in Appendix I 
ete ee EE ln de 


Weight/grain Grains/spikelet Spikelets/ear Ears/plant 
Plot yield 0.500* 0.053 0.364 0.024 
Ears/plant . .. —0.437 —0.125 —0.529* 
Spikelets/ear …. 0.117 0.172 
Grains/spikelet . —0.464* 


b) Between values of the five characters under six sets of environmental conditions (2 levels of soil 
fertility and 3 dates of sowing) 


Weight/grain Grains/spikelet Spikelets/ear Ears/plant 
Plot yield 0.850* 0.178 —0.662 0.884* 
Ears/plant . . . 0.721 0.418 —0.518 
Spikelets/ear . . —0.684 0.162 
Grains/spikelet . 0.454 


Glendowe and Peko, using as parents the progenies of single plants selected from the 
variety trial grown in the previous year. The four plants chosen had values for the 
components of yield as close as possible to the means of the particular variety. These 
plants then became the parents of all hybrid and selfed lines used in the diallel cross 
experiment. 

In 1955 a randomised block trial was grown which included the four parents and the 
F, of six crosses. Seed of the reciprocal crosses was bulked before sowing but even 
then there was only sufficient hybrid grain to sow four complete replications using 
nine plants per plot. In order to obtain the greatest uniformity the plants were raised 
in pots in a greenhouse and transplanted into the field. One foot (30 cm.) space was 
allowed between plants, which were arranged as a 3 x 3 square in each plot, and two 
feet (60 cm.) between plots. The plants were all harvested individually and the same 
observations were made on them as on the single plants from the trial in 1953. This 
allowed the determination of the four components of yield and the yield of grain for 
each plant. 

In 1956 a trial consisting of the four parents and the F, of the six crosses was sown 
directly into the field using seed taken from the trial in the previous year. Five rep- 
lications were used and the seeds were spaced four inches (10 cm.) apart in rows six 
inches apart. A maximum of 60 plants was harvested from each plot and analysed in 
the same way as for previous trials. 

Both the F, and F, trials showed highly significant variance ratios for each of the 
five characters when the ten populations were compared (by “populations” is meant 
the four parents and the progenies of their six crosses). The analysis of variance for 
each character in each trial is presented in Table 3. In the F, trial the diallel analysis 
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was at first performed on the values for each replication separately. This showed that 
the fourth replication was much more variable than the other three and led to incon- 
sistencies in results. Consequently when the analysis was repeated, using means, the 
fourth replication was not included and all the calculations presented from this trial 
are based on only three replications. The means for each character for each population 
in each year are presented in Table 4. Comparisons between this and Appendix II 
show that there is remarkably good agreement between the relative values for the 
four parents in the three years despite entirely different growing conditions. This is 
important because the special treatment of the F, trial, which resulted in a mean ear 
number for the parents of about 23, compared with only 3 in 1953, might have caused 
entirely different relative responses. The parental values from the F, trial, however, 
correspond well with those for the early sowing in 1953; but in 1956 the growing 
conditions for the F, trial were rather unsatisfactory, nevertheless the results agree 
reasonably well with those for the late sowing in 1953. It seems justifiable therefore 
to place some weight on the data collected in 1955 and 1956, the analysis of which 
will now be presented. 


TABLE 3. ANALYSIS OF VARIANCE OF F, AND F3 TRIALS 


En Weight/Grain Grains/Spikelet Spikelets/Ear Ears/Plant Plant Yield 

MS ['VR| MS |VR| MS |VR| MS |vR[ MS | vR 
1955 F, trial 
Replications 2) 1:95 0.004 0.009 1.19 1.68 
Populations ONIISS DD | “er [0,304 adden ST KON KS AAST. hdi PI hae 
Error WEES 0.006 0.047 PS 11.19 

| 

1956 F, trial 
Replications 4 3.68 0.0476 NE AOL ei O0 0.234 
Populations 9 1258.75 ERO OO8S ee ATB INE IIS LRE 1.397 An 
Error 36 2.22 | 0.0087 0.218 0.130 0.211 


TABLE 4. MEAN VALUES FOR PARENTS AND HYBRIDS IN F‚ AND F3 TRIALS 


U Been Grains/Spikelet Spikelets/Ear Ears/Plant epe 

|F F: F. F. F. Fs F. Fa ri heel 

ADs tent NN CT 1.40 | 19.4 14.4 | 24.2 | 3.29 | 33.9 | 2.66 
Eran neat. 30:06 ZS GAN 168 1 -26:9 1488 0031 Orne 
Glendowe . . —. 35 NSO On AO IO AID defend 19.0 |. 324 | 300 | 3.11 
PekosMan LAN 8 524 58.2 1.69 1.08 “| "2106 (KOS DIT TSG AE IIS EEA 
Apu X FramlI . 32.9 |- 36.8 | 251 127 20:00 158 A TESA OSE EER WINS HIE 
Apu X Glendowe . 85e SAE RES 1.43 | 20.9 1655. 20e St etien3. 31 35:6113028 
Fram Xx Glendowe esn 375 2.47 Ls 2e 17.4 1e. 22.7 Ie 4.30 136.74 403 
Apu X Peko ….. 41.4 | 453 | 2.11 1.20 | 20.8 16:05 24.40 3:54 ISS STN EELS 
Fram II X Peko 4153 | 46.2 | 202 TOE DNS 16.4 | 24.9 | 4.18 | 39.1 4.05 
Glendowe X Peko 46.7 | 47.6 | 2.08 123 | 216 | 17.2 | 19.6 | 3.83 | 34.5 ("3.94 


THE GENETIC ANALYSIS 


By inspection of the results presented so far it can be seen which crosses give the 
highest manifestation of each character in the F, and in the F,. Because the effects of 
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heterozygosity may be shown to a different extent by different crosses, those crosses 
which are superior in F, and F, will not necessarily give the highest proportion of high- 
manifestation selections in the later, more inbred generations. If, however, information 
could be obtained about the genetic systems controlling the various characters it 
would be easier to analyse the yielding ability of the different crosses in the F, and 
F, and to predict their yielding potential in later generations. 

The analyses of biometrical genetics which would give this information have, until 
recently, been complex, demanding experiments involving the simultaneous growth of 
large numbers of inbred, intercrossed and backcrossed families. Such analyses are 
beyond the scope of normal cereal breeding work where land, time and a maximum of 
one seed from each act of crossing all impose their limits on the range of the pro- 
gramme. However, over the past few years a method has been developed (HAYMAN, 1; 
JINKS, 2, 3, 4) which obtains sufficient information from the grouping of crosses from 
a diallel set into arrays rather than by using many families from one cross. In this 
context an array is defined as one variety and all the crosses involving it. This analysis 
gives, amongst other things, information about the average additive effects of the 
genes, about the effects of heterozygosity, about the dominance of the genes in each 
parent, and about gene interaction. High manifestation of a character in a cross can 
thus be attributed either to heterozygosity (unfixable on inbreeding) to additivity of 
gene action or to non-additivity of gene action, i.e. to interaction if the non-additivity 
is between loci or to dominance relationships if the non-additivity is within loci. It 
can also be decided, in those cases where dominance relationships are effective, 
whether the high manifestation is due to dominant genes, to recessive genes or to a 
balanced grouping of dominants and recessives. Furthermore the analysis should 
demonstrate whether any of the varieties used as parents contains the complete com- 
plement of dominant or recessive genes available in the parents used. If the high 
manifestation of a character is due to the possession of either dominant or recessive 
genes it becomes possible to assess the chances of obtaining selections which will 
transgress the parent which contains most dominant or recessive genes. 


Weight per Grain (mgms.) 
The mean data from the F‚ trial (taken from Table 4) can be set out as follows, the 
parental values being in heavy type. 


Apu Fram II Glendowe Peko 
IAD os On alt 30.2 32.9 35.7 41.4 
TTL ee 32.9 30.6 31.8 41.3 
Glendowe …—. …- … 35.7 31.8 35.4 46.7 
BEKOMEN ve 41.4 41.3 46.7 52.4 
Array Total .... 140.2 136.6 149.6 181.8 


As reciprocal crosses were bulked the table is symmetrical about its diagonal. Each 
column is an array. From the table the following can be calculated: 


1. The variance of parental means, V‚. (The variance of the diagonal: 30.2, 30.6, 35.4, 
and 52.4). 


153 


R. N. H. WHITEHOUSE, J. B. THOMPSON AND M. A. M. DO VALLE RIBEIRO 


2. For each array, the variance of the components of that array, Vr. (e.g. for the Apu 
array the variance of 30.2, 32.9, 35.7 and 41.4). 

3. For each array, the covariance of the four parents with their offspring in that 
array, Wr. (e.g. for the Peko array 30.2 with 41.4, 30.6 with 41.3, 35.4 with 46.7, 


and 52.4 with 52.4). 
Fig. V, W‚ GRAPHS _WEIGHT/GRAIN 


Fig. Ib Fa 


3. Apu 22-7 45: 
4.Fram. 23:5 48:I 
5.Glen.41:4 642 
7.Peko 27:8 53:2 


Fig. la shows the values of these variances and covariances together with a graph 
showing the linear regression (Vr, Wr) and the parabola Wr? = V5 Vr. This graph can 
be interpreted as follows: The parabola marks the limits within which the points 
(Vr, Wr) should lie (HAYMAN, B. I. and Jinks, J. L.). As the regression of (Vr, Wr) 
agrees with a slope of one the gene system can be deduced to be additive without the 
complication of gene interaction. If dominance of the genes is complete the line with 
slope b — 1 would pass through the origin. In the case of over-dominance the regression 
line would cut the Wr axis below the origin, and in the absence of dominance the 
points would cluster about the position where the slope of the parabola is +1. The 
position of this line, being near to that of a tangent to the parabola, indicates little 
dominance. The order of the array points on the line indicates the distribution of 
dominant and recessive genes amongst the common parents of the arrays, Apu (3) 
possessing most dominants and Glendowe (5) most recessives. Furthermore, the points 
of intersection of the line and the parabola are the positions which would be taken by 
an array, the common parent of which contained all the dominant or recessive genes 
segregating in the group of crosses (the top dominant nearest the origin). 

The F, data taken from Table 4 give the variances, covariances and the graph shown 
in Fig. lb. The regression line again has a slope of about 1 and is close to being a 
tangent to the parabola, so the general picture agrees well with the F,. The order of 
points differs in that although array 3 (Apu) is still the lowest, arrays 5 and 7 have 
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changed places from the F,. This difference of order may be a reflection of the different 
growing conditions of F, and F, or it may be that too much importance cannot be 
attached to the finer detail of order of points along the line. 

Some additional statistics can now be estimated from the variances already used 
together with the variance of the means of the arrays, Vr, and a variance, E,, which 
estimates the non-genetic components of variability. These additional statistics are 
estimated as numbers without any standard error, and without, therefore, any means 
of checking their accuracy. The fact that negative values are often obtained for 
quadratic items indicates the high standard errors which would be found were the 
experiments adequate to allow their estimation. From these statistics the following can 
be calculated: 


1. Various estimates of the degree of dominance. An estimate of this can also be 
obtained by visual inspection of the (Vr, Wr) graph. 

2. An estimate of uv, where u — the frequency of genes which increase the mean 
expression of the character and which are situated at loci which exhibit dominance, 
and v — the corresponding frequency for genes which decrease the character. This 
estimate, although of theoretical interest, appears to have little importance in a 
practical breeding programme particularly when it is calculated with a low accuracy. 

3. The number of effective factors, This number, even in the experiments of theoretical 
genetics, frequently is meaningless. It is, therefore, of little use in plant breeding. 

4. A measure of heterosis. An impression of this can also be obtained from the raw 
data and the (Vr, Wr) graph where heterosis can be attributed to dominance, over- 
dominance and/or gene interaction. 

5. Values of Wr and Vr for the arrays derived from theoretical parents containing all 
the dominant and recessive genes available in the group of crosses, i.e. a theoretical 
value based on the assumption that b — 1 for the points of intersection of line and 
parabola. 


Thus it can be seen that the items of particular interest in a breeding programme 
can be assessed by visual inspection of the (Vr, Wr) graph as well as by calculation; 
the calculated values will, therefore, be disregarded for the purpose of this paper and 
only the information obtained from the (Vr, Wr) graph will be considered. 

Having extracted the genetic information from the graphs it is now desirable, when 
breeding for increased grain weight, to determine how this information can best used 
to predict which cross or crosses will give the best chance of obtaining inbred selec- 
tions with increased grain weight. The array means for the F, and F, taken from 
Table 4 are as follows: 


| Apu | Fram II | Glendowe | Peko 
LE TOE ee ENE: NE 35 34.2 37.4 45.5 
len, AE 39.8 39.0 40.3 49,3 


Clearly the Peko array is the one which in the F, and F, shows the most promise, and 
as the gene system controlling this character is almost entirely additive there is no 
reason to suspect that this array will not hold its supremacy in later generations. The 
Glendowe array is the next highest, and the cross Glendowe x Peko is the highest 
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cross (see Table 4). Thus the Peko crosses, and in particular the cross Glendowe X 
Peko would seem to be the most promising. The diallel has, in this case, served to tell 
us that there are no complications to the genetic control of grain weight which should 
influence our choice of crosses away from those which on F, and F, performance look 
the best. Furthermore, the points representing both the Peko and the Glendowe arrays 
are towards the end of the line away from the origin. This suggests that these parents 
possess more than an average share of the recessive alleles of those loci which show 
dominance phenomena. This also indicates that in the control of grain weight, as far 
as those loci which exhibit dominance are concerned, it is the recessive genes which 
lead to a high expression of the character. As neither the Peko nor the Glendowe 
arrays are represented by points near the place where line and parabola intersect, it 
can be inferred that neither of these parents contains all the recessive genes that are 
segregating for this character. It is, thus, quite likely that, if dominance-exhibiting 
loci play an appreciable part in the control of grain weight, lines will be found in the 
crosses involving these two parents which show a transgressive segregation for grain 
weight due to the accumulation of more recessive genes than either of the parents. 
However, whilst this speculation is interesting and may possibly prove useful it must 
be born in mind that the part played by dominance in this gene system is small relative 
to the additive component of the genetic variability. 

It must be emphasised that this analysis is only giving information about those 
genes which control grain weight and which are segregating in this group of crosses. It 
provides no information about the genes in an entirely different parent which could 
be brought in to affect this character, nor about any of the other characters which 
may be of importance in the breeding programme. 


Fig.2 V‚W‚ GRAPHS GRAINS/SPIKELET 


Fig.2b Fo 


3.Apu O©Ora Ó-O19 
4. Fram, O-020: O:Oi9 
5.Glen. O:OI5S O:Ol4 
7.Peko O:OO4 O:OIO 


3. Apu O-068 O:1O5 
4. Fram. O:-O6O O:099 
5. Glen, O:O58 O:096 
7. Peko O:037 O:076 


NPR 
Grains per Spikelet 


The values of Wr and Vr calculated from the data in Table 4 together with the 
graphs are shown in Fig. 2. The F, regression line differs significantly from a slope 
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b = 0 but not from b — 1. The F, line is not significant having as is obvious a high 
standard error. The picture presented by the graphs is similar to that for grain weight, 
which was discussed in the last section. On inspection the F, graph might suggest that 
gene interaction plays a part in the determination of this character. However, as the 
FE, graph agrees well with a slope of b — 1 and the F, graph is not significantly different 
from this, (for P — 0.05), the evidence for suggesting gene interaction is very small. 
This point will be raised again in the section discussing yield per plant. The relation- 
ship of the line to the parabola suggests that dominance plays a small part in the 
determination of grains per spikelet. Peko is shown by the position of the point for its 
array to possess more dominant genes than the other three parents. 
The array means are as follows: 


| Apu | Fram II | Glendowe | Peko 
Brot rten 2.48 2.28 2.41 1.98 
Vilda ae ore 1.33 1.30 1.66 1.18 


Peko is the lowest array and possesses most dominant genes. Glendowe and Apu are 
the highest arrays. We would expect the crosses Glendowe x Apu and to a lesser 
extent Glendowe x Fram II and Apu X Fram II to be the best crosses in terms of 
their future potentialities, and as the gene system is simple we would also expect them 
to be showing this superiority in the early generations. Reference to Table 4 shows 
that this is so. 


Fig.3 V, W‚ GRAPHS SPIKELETS/EAR 


Fig. 3o F, Fig. 3b F, 


% 
b= 0:83 + 0:087 


O:8lt |21 
0:45 O°9l 
0:26 O7 


3. Apu 0-59 O:74 
4.Fram. O:38 O:63 
5,Glen. O:ll O:36 
7.Peko O:13 O:37 


0:26 0:63 


Spikelets per Ear 
The analysis of the data for this character from Table 4 is presented in Fig. 3, and 
again the picture is of a gene system uncomplicated by interactions, most of the genes 
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being simply additive but a small proportion showing dominance. Glendowe and 
Peko, their array points being near the lower intersection of line and parabola, 
possess nearly all the dominant genes available in the group of crosses whilst Apu 
possesses relatively few. Again, therefore, the crosses which on F, and F, performance 
are best are the ones which hold out most hope for later generations. The array means 
are as follows: 


| Apu | Fram II | Glendowe | Peko 
Ee tn ee 20.3 20.7 | 213 2128 
eet en ae 1507 16.6 | 1702 16.5 


The Glendowe and Peko arrays are overall the highest. As Glendowe and Peko each 
contain most of the dominant genes available it would seem that although dominance 
means high expression there is little room for improvement merely by obtaining 
hybrids which contain more dominant genes from the other parents. Improvement 
may come from the Glendowe x Peko cross but it will be brought about by improving 
the simply additive part of the genotype, the part which shows no dominance. 


Fig4 VW, GRAPHS _EARS/PLANT 


Fig.4a if Fig. 4b EF, 


b=l:04 + 0:17 * 


Ears per Plant 


In terms of dominance, the graphs in Fig. 4, calculated for this character from the 
data in Table 4 show a regression line close to the parabola which indicates that there 
is very little dominance. At first sight the F, graph might suggest by its slope the 
existence of gene interaction. However, this slope does not differ significantly from 
b = 1, and the F‚ line agrees very well with b — 1. In this character therefore, as in 
spikelets per ear, it does not seem justifiable to postulate gene interaction although 
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this possibility will be discussed in the section dealing with yield per plant. The 
character is thus controlled by a simply additive gene system and the best F, and F, 
will be expected to give the best later generations. The array means are as follows: 


| Apu | Fram 1 | Glendowe | Peko 
Bed IE 3e 24.2 2545 20.5 22.7 
tor on en 3.6 4,4 3 3.8 


The F, plants produced on the average six or seven times as many ears as the F, plants. 
In the two markedly different environments in which the two generations were grown 
different genes will presumably contribute to the tillering properties of the plant, and 
these genic differences are here reflected in the entirely different order of points shown 
by the two (Vr, Wr) lines. In this case it is the Fram II array which is best. 


The Components of Yield 


Yield has, for the purpose of this paper, been analysed as four components, and the 
four parents used in this diallel set of crosses were chosen because they were outstand- 
ing in terms of one or more of these components, Apu having a large number of grains 
per spikelet, Fram II a large number of ears per plant, Glendowe a large number of 
spikelets per ear, and Peko a high grain weight. The gene system for each of these 
characters has been shown to be composed primarily of additive genes with a few 
genes showing dominance, and with a slight possibility of weak gene interaction in 
two components. 

Although, in order to make the interpretation clear, the dominance relationships of 
the parents have been discussed fairly fully in each of the above sections, the role 
played by dominance in the determination of phenotypic expression of the characters 
should not be overestimated. As the gene systems are primarily additive it is interesting 
to note that, as would be expected, there is a close agreement between the manifestation 
of each character in the array and in the parents. Reference to the array means, 
quoted for each character, shows that for those characters mentioned in the last 
paragraph for which a parent is outstanding, the corresponding array is also outstand- 
ing. 

In an earlier section the independence of the gene system controlling the four 
components of yield was discussed in terms of the evidence obtained from correlation 
analyses. Although each character is controlled by a fairly simple additive gene system, 
the fact that each has a different parent and array as the genetically superior may be 
adduced as further evidence for this independence of control. This independence 
receives further support if any importance can be attached to the order of dominance 
of the parents, which differs for the different characters. 


Yield per Plant (gms) 

Fig. 5 shows the values of Wr and Vr and the graphs for the data taken from Table 4 
for the yield per plant in the F, and the F,. Clearly, the lines are far from a slope b— 1 
and it can be said with confidence that gene interaction plays a part in determining 
the control of this character. 
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Fig.5 W‚V. GRAPHS YIELD/PLANT 


Fig.Sa F, 


b=0-34+O0"|I 


3. Apu O.OB1 O-139 
4. Fram. O-257 O-167 
5Glen. O-313 O-277 
7.Peko O:130 O-187 
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The nature of this interaction may be of one of two kinds. It may be localised and 
specific to particular genotypes or it may be of a more generalised type. The localised 
type of interaction can be compared to the model where allele “A” normally contrib- 
utes ““a” units to the character, allele “B”, “b”’ units, allele “C”, ““c”° units and so on. 
If genotypes “AB” contribute something other than “a + b” units then there is inter- 
action between alleles “A” and “B”, The more generalised type of gene interaction 
involves many genes all interacting with one another so that the effect of putting one 
desirable allele into a given genotype depends on the number of other desirable alleles 
in the genotype. Put allele “A” with a few other desirable alleles and the increment 
due to “A” will be small, put “A” with a large number of other desirable alleles and 
the increment due to “A” will be large. Thus the net effect of allele “A” will be some 
form of product depending on its own contribution and the contributions of all the 
other factors with which it interacts. 

If the interactions are of the first type then it should be possible to attribute them 
to particular genotypes and to do this the arrays must be found which, on omission 
from the data, leave a diallel which is free from interaction, i.e. where b —= 1. If such 
smaller diallels can be found amongst the data then the gene interaction can be 
attributed to the omitted parent or parents. If the interaction is of the more generalised 
type then it should be handled by the scaling methods discussed by MATHER (6). 

To obtain any picture of a regression we must have at least three points to the graph, 
and in this particular diallel we can therefore only omit the parents one at a time. 
Below are the values of b for the regression of Wr on Vr for the 4 x 4 diallel and for 
the four possible diallels omitting each parent in turn. 


b from F, b from F, 

Allkfoursparentsasir.s’ Svendh. werst 0.34 + 0.11 0.42 + 0.25 
OmittingrApu teke vaneen. —0.22 + 0.30 0.68 + 0.44 
nt werann. II betrien sesnide ae 1.51 + 1.11 0.99 + 0.04 

ER GIERTOWE Pite. 0.58 + 0.12 0.85 + 0.04 

MEM SPEKO AR TERP AAE, 0.34 + 0.38 0.43 + 0.35 


The best improvements towards b — 1 come from the omission of Fram II or Glendowe. 
In F, these omissions give good results but in F, the effect is not very satisfactory. 

Transformation of the data to a logarithmic scale gives the following regression 
lines both of which indicate that the scaling has removed the interaction: 


F, b= 0.80 + 0.092 
FP, b= 0.93 + 0.096 


It can be seen, therefore, that in the F, the interaction cannot be confidently attributed 
to any one parent by omission of the array of that parent but can be converted to 
additivity by logarithmic transformation. This interaction must therefore be of the 
more generalised type. In the F,, however, both transformation and the omission of 
individual arrays (Fram II and to a lesser extent Glendowe) give regression values 
which agree with b — 1. It is not possible, therefore, to decide the nature of the inter- 
action shown by the F,. Furthermore, as different genes may be contributing to yield 
in the two vastly different environments in which the two generations were grown, 
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we cannot argue from the F, that the F, interaction is of a generalised type. That the 
control of yield does depend on different gene systems in the two environments is 
shown by the fact that in both ears per plant and yield per plant there is a different 
order of points on the (Vr, Wr) line shown by the two generations. Of the five charac- 
ters here studied, ears per plant and yield per plant are the two most likely to vary over 
the two different environments here used (very wide and relatively closely spaced 
plants). It might further be added that, although in neither of our two trials was 
agricultural practice of sowing in drills used, it is the F, which was grown under the 
conditions more nearly resembling this practice, and it is to the F, results, therefore, 
that most importance should be attached. 

Thus the evidence indicates that there is a set of gene systems such that for the four 
component characters the interactions are, at the most, very weak, yet the compound 
character shows a marked interaction. It may be profitable to enquire further into the 
nature of this interaction, and three possibilities suggest themselves as explanations, 
two applying more particularly if the interaction is of the specific localised type, and 
the third being an explanation of why in this experiment the more generalised type of 
interaction discussed earlier might be expected to occur. 

Firstly, it is possible that genes for one component in one parent interact with genes 
for another component in another parent. Models can be constructed for a gene 
system where gene pairs A-a and B-b contribute to component 1, pairs C-c and D-d 
to component 2 and where there is interaction between A and D. The slope of the 
(Vr, Wr) graph resulting from these models depends to a large extent on the genotypes 
adopted for the parents, but in some, but by no means all cases this interaction 
appears as a reduction of the slope of the (Vr, Wr) graph from the value b — 1 for 
the compound character without altering the regression values of the component 
characters. This situation could, therefore, account for some or all of the results 
obtained with this particular group of characters and crosses in the F, where the 
interaction may be of the specific localised type. However, the second possible expla- 
nation of localised interaction seems without further evidence to be a much more 
likely one; this is that the interaction may be present in one or more of the components 
but not sufficiently strong to be consistently and indisputably shown by the (Vr, Wr) 
graphs for the components. Only when the components are aggregated together to 
form the compound character is the analysis sufficiently sensitive to show up the 
interaction. It will be recalled in this connection that a slight indication of interaction 
was shown by the grains per spikelet and ears per plant graphs for one generation but 
that the other generation failed to confirm this. A fuller analysis of these two characters 
by omission of parents from the generation which showed some signs of interaction 
gave the following values for b: 


F, F, 
Grains/spikelet 
All-afrayssna tet Dent. of 0.94 + 0.04 0.51 + 0.28 
Omittmanrava snee — 0.69 + 0.29 
A ERE — 1.00 + 0.00 
She rd ar NN: — 1.17 + 0.04 
Je te NN — | 0.73 + 0.47 
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F, F, 
Ears/plant 
AI AEPAVS TM DP ON DN SR ek 0.68 + 0.09 1.04 + 0.17 
Omtitingsarrayesnr wen 0.89 + 0.03 
Alan, var ksd 0.77 + 0.11 En 
DE 0 MOLE AS 1.02 + 0.56 — 


VE: 0.72 + 0.07 = 


For grains per spikelet in the F, therefore the (Vr, Wr) graph which shows a slight 
indication of interaction can be improved towards b — 1 by omitting one or the other 
of arrays 4 or 5, ie. those arrays which may be the sources of interaction for yield per 
plant in F,. Clearly, therefore, the F, yield interaction if it is of the localised typed can 
in the main be referred back to interactions in some of the components; these inter- 
actions which at the component level are only weakly demonstrated by the analysis 
may be relatively strengthened when the components are compounded to make the 
analysis for yield per plant. Omission of each of the four parents in turn from the 
F, ears per plant data makes only a very slight improvement, none of the 3 x 3 diallels 
agreeing well with b — 1. This lends further support to the interpretation of the yield 
interaction in the F, as being of the generalized type, for even if this yield interaction 
is referred back to interaction in the component characters it still cannot be localised 
to any one parent. 

Previous experience of several authors has been that gene interactions in diallel 
sets of crosses cannot be removed by scaling methods but only by the omission of one 
or more parents. This is believed to be the first case where scaling methods have been 
successfully applied to gene interaction in such sets of crosses. As a third possible 
explanation of the interactions shown by this data it was pointed out to us by Professor 
MATHER that in this material as yield in the arithmetic product of several characters 
each of which has an additive gene system, then clearly the gene system controlling 
yield is not additive but multiplicative. The interaction found here may be a reflection 
of this non-additivity, i.e. the interaction is of the more general type discussed earlier. 
If this is the nature of this interaction then transforming the data to a logarithmic 
scale may be expected to, and in this case does, alter the regression in such a way that 
b —= 1. Furthermore, if this is the nature of the interaction then there is nothing 
special about any particular part of the genotype, and breeding policy should be 
directed towards accumulating as many desirable genes as possible. This means that 
in effect the gene system should be treated as if it were additive. If, however, gene 
interaction is of the specific localised type then it must be decided whether the inter- 
action is affecting the character in the desired direction and breeding policy should be 
to fix or get rid of the interacting genes according to their desirability. 

The array means, calculated from Table 4, for yield per plant in grammes are: 


| Apu | Fram IL | Glendowe | Peko 
Eter ee ml 37.6 SD 34.2 36.3 
| ke eit ERE 3.6 3.8 317 3.8 
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From these it can be seen that overall, Fram II is the highest yielding array. As Fram II 
is possibly also the main contributor to the interaction, this interaction, if a localised 
one, would seem to be in favour of high yield. Glendowe is also, although probably 
to a lesser extent, contributing to the interaction, and as the Glendowe array is seen 
above to be possibly the lowest yielding array it may be inferred that Glendowe’s 
interaction is one that leads to low yield and is, therefore, undesirable for purposes of 
crop improvement. It would thus seem best in terms of breeding for yield per plant to 
concentrate on the crosses involving Fram Il as a parent and to try to find inbred 
selections which contain those genes which interact to give high yield. Because of the 
possibility of unfavourable interactions being brought in by the use of Glendowe as a 
parent more reliance should be placed on the crosses Apu x Fram II and Fram IL x 
Peko than on the cross Fram IL x Glendowe. If the interaction is of the more gener- 
alised (or multiplicative) type, then Fram II being the highest array contains the most 
desirable genes, and it is upon the Fram II crosses that attention should be focused 
when considering future breeding for yield per plant. 


PREDICTIONS CONCERNING FUTURE GENERATIONS 

The aim of this work is to find out whether this analysis of diallel sets of crosses is 
of use to the breeder of self-pollinating crops, such as wheat, by enabling him to assess 
from their performance in the early hybrid generations, the potential value of various 
parental combinations. The analysis of the F,‚ and F, of this particular set of crosses 
allows the following predictions to be made: 


1. For grain weight the Peko crosses, in particular the cross Glendowe x Peko, should 
give the largest number of selections showing high manifestation. 

2. The cross Glendowe x Apu should give the best selections in terms of the number 
of grains per spikelet, and the Peko crosses should be the poorest for this character. 

3. The best way of improving the number of spikelets per ear would be to concentrate 
on the cross Glendowe x Peko. 

4, The number of ears per plant should be best improved in the crosses using Fram II 
as one parent. 

5. Apu X Fram II and Fram II x Peko are the crosses to which most importance 
should be attached in breeding for yield per plant. 


The basis of all these predictions except yield per plant is that the analysis has 
demonstrated genic control which is essentially additive both within and between loci, 
ie. gene systems where dominance and gene interaction play, at the most, a minor role 
in the control of the character. The varieties which are best within themselves, are, 
on such a gene system, the varieties which should make the best parents. The genic 
system controlling yield shows very strong gene interaction effects, and these effects are 
on the whole advantageous in that they lead to increased yield. Fram II is shown to be 
the main source of this interaction and it is from crosses involving this parent that we 
expect to get the best yielding selections. 


It must be emphasised here that these predictions are made after extracting from 
the analysis as much information as is theoretically possible. It may be that this 
extraction has gone too far and that the analysis is not sufficiently accurate to permit 
such a rigorous interpretation. If this is so then the predictions are too optimistic and 
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should have been made in more generalised terms. However, the purpose is to find 
out what the analysis can do and it was felt better to make these predictions at this 
stage and to be prepared to be less demanding in interpretting the results of later 
generations. It still remains to be shown whether these predictions are justified but it 
is felt worthwhile to publish this account of the results obtained in order to fulfil a 
twofold purpose. The results of the analysis so far are interesting as an example of the 
genetic information which this analysis can extract from data obtained from biological 
material chosen for its agricultural importance and handled more or less in the way 
that it would be handled in a practical breeding programme. Furthermore it is hoped 
that this account will help to introduce and explain the analysis to those breeders who 
have not already met it and are not equipped for the more elaborate statistical and 
field treatments which so many biometrical analyses demand. 

LuPTON and WHITEHOUSE (5) published in the first paper of this series an account 
of various systems being used at the Plant Breeding Institute in the handling of hybrid 
cereal material. It was felt that one of these, “the F, progeny method’ was particularly 
well adapted to this experiment and the future generations will be handled by this 
method. Seventy five F, plants were taken at random from each of the crosses in this 
set together with 18 plants from each parent. The distributions with respect to the 
characters being considered (particularly yield per plant) of selections within these 
crosses and parents will be compared, in the first instance, on the performance in F, and 
Fs trials of the progenies of most or all of these plants. In Fg a random sample of 
single plants will be taken from some of the F, progenies to study the distribution of 
the characters shown by the mixture of homozygous plants which make up each 
progeny. It is hoped in this way to discover whether the predictions made from the 
F, and the F, data are borne out by the later generations. 


We would like to express our gratitude to Dr. G. D. H. Ber, Director of the Plant 
Breeding Institute, for his continued interest in this work, to PROFESSOR K. MATHER 
and his colleagues for their helpful criticism and to Messrs. G. E. PORTER, L. R. L. 
HUDSsoN, A. B. Wis, E. F. GEORGE and T. MENENDEZ for their assistance with the 
field and laboratory work. 


SAMENVATTING 
Onderzoekingen over de methoden bij het kweken van zelfbestuivende granen 


2. Het gebruik van diallele kruisingen bij het voorspellen van het opbrengstvermogen 

In dit artikel wordt de oogstanalyse van 19 zomertarwerassen behandeld. De vol- 
gende eigenschappen werden bepaald: korrelgewicht, aantal korrels per pakje, aantal 
pakjes per aar, aantal aren per plant en de korrelopbrengst per plant. De eerste 4 eigen- 
schappen (de componenten van de opbrengst) bleken bij het nagaan van de correlatie 
onafhankelijk van elkaar te zijn. 

Vier rassen, die voor één of meer componenten van de opbrengst een extreme waarde 
bezitten, werden in alle mogelijke combinaties gekruist. De F, en F, van deze diallele 
kruisingen werden voor elk der componenten volgens de methode van J INKS en HAY- 
MAN geanalyseerd. Op grond hiervan zijn voorspellingen gedaan welke kruisingen ver- 
moedelijk goede perspectieven voor de kweker openen. De voortzetting van het onder- 
zoek is er op gericht deze voorspellingen te toetsen. 
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APPENDIX 1 


Some notes on the varieties used. 


April Bearded 
Apu 


Atle 


Bersee 


CI 12633 
D'Avril 
Dr. Mazet 
Fram II 
Glendowe 


Leapland Fronteira 
National 28 


Peko 
Rescue 
Saunders 
Tammi 


Teutonen 
Thatcher 
Trym 


Venables 60 
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an old British variety, now rarely grown because of its tall weak straw. 


a very early maturing variety from Finland; it has weak straw, awned ears and 
grain of good milling and baking quality. 


this has been cultivated extensively in Britain but originated in Sweden; 
although still widely grown the acreage is now declining. 


a French variety with strong straw; it is capable of giving high yields from 
both autumn and early spring sowing in Great Britain but is late maturing as 
a spring wneat. 


an American derivative of Triticum Timopheevi carrying genetic resistance to 
several diseases but giving very low yields of grain. 


a French variety with fairly short strong straw and white grain, rather suscept- 
ible to Puccinia glumarum. 


of French origin but having one parent (Marquis) from Canada; the grain is 
small and round compared with most French wheats. 


a Norwegian variety with tall weak straw and small grains; it matures early 
and has some resistance to Erysiphe graminis. 


a variety produced at this Institute from a hybrid involving April Bearded, 
which it resembles in many respects. 


a late maturing American variety with tall straw and long red grain. 


a wheat of Chinese origin with a large number of fertile flowers in each spikelet; 
it matures very late. 

a German variety extensively cultivated in Holland; it has very large grains 
and gives high yields. 

a Canadian variety bred for resistance to sawfly; the straw although solid is 
rather weak. 


a short-strawed Canadian wheat of good quality but not capable of giving high 
yields in Great Britain. 


an early maturing Finnish variety having moderately short straw; very 
susceptible to Puccinia glumarum. 


a German variety having short straw and some resistance to Erysiphe graminis. 
a quality wheat from Canada, slightly taller and later than Saunders. 


a red-chaffed white-grained variety bred in Norway; it has thick but rather 
brittle straw. 


a variety obtained from Germany but probably of Russian origin; it has weak 
straw and gives low yields of grain. 


APPENDIX II 


Variety 


Dr. Mazet .. . 
Teutonen 

BSELSCCHN nee ek: 
Leapland Fronteira 
Trym 
Venables 60 
Saunders. . 
Tammi EEE 
Ehatcher. . : 
GE 
Glendowe 

REESHOF te 0 
April Bearded . . 
BAD Re os te 
National 28 ... 


BREEDING OF SELF-POLLINATING CEREALS 


a) Average weight of a single grain in milligrams 


(Varieties in order of decreasing grain size) 
ee er EE SE ele 


Mean of all 


treatments 


5-3 
46.5 
45.5 
44,4 
43.8 
43.0 
41.6 
40.7 
38.3 
SES 
37.1 
35.8 
35.7 
39 
35.3 
Sl 
SSL 
31.6 
28.3 


1E, 


Date of sowing Fertiliser treatment 

Early Middle Late High Low 
TR EREN EL 
58.7 57.6 Ie) 56.1 58.4 
47,3 45.9 46.1 45.8 47.1 
45.5 46.5 44.5 45.7 45.3 
46.7 44,9 41.5 43.9 44.8 
49.8 43.9 3 42.9 44,7 
47.3 42.8 38.8 41.8 44,2 
40.8 42.4 41.7 41.3 41.9 
41.0 41.6 39.5 41.4 40.0 
36.4 40.2 38.2 38.4 38.1 
35m] 38.2 38.7 37.9 37.1 
34.6 38.1 38.6 37.1 37.0 
36.7 36.7 34.1 36.3 35.4 
Slad 35.6 34.5 35.1 35.1 
Se 36.2 352 35.8 35.7 
Sell 34.4 34.5 36.0 34.9 
329 35.8 37.4 35.9 34.4 
36.9 37.3 26.8 33.1 34.2 
31.8 31.7 31.5 32.3 31.0 
31.0 27.8 26.2 28.1 28.5 
3.36 | 2.74 


1% Sig. Differences 


Variety 


National 28 
Apu 
A dt AE 
Glendowe : 
April Bearded 


Mihatchers ………% 
Saunders. ; . .…. 
Teutonen 
D'Avril 
Rescue 
Bersee 


Peko 
Venables 60 
Leapland Fronteira 


1% Sig. Differences 


Date of sowing 


b) Average numbers of grains per spikelet 


Fertiliser treatment 


Middle 


DEE) 
2.36 
2.48 
2107 
2.10 
1.90 


Late 


DD 
Dl 
2.18 
DW 
DD 
1.99 
1.88 
1.85 
1.96 
7E) 
1.70 
1.91 
ole) 
13 
123, 
1.70 
1.61 
1.65 
1.30 


High Low 
2551 DDB) 
2.24 2539 
2.27 2D 
221 1.99 
2.09 1.92 
1.95 1.88 
1.89 1.93 
1.91 1.86 
1.95 1.83 
1.85 1.83 
1.81 1.86 
1.83 1.74 
1.70 1.84 
1877 LET 
1.64 1.84 
1.67 1.62 
1.59 1.66 
1.60 1.60 
1.61 1.44 
0.236 


Mean of all 
treatments 


Ziel 
2.28 
2.24 
2.10 
2.01 


R. N. H. WHITEHOUSE, J. B. THOMPSON AND M. A. M. DO VALLE RIBEIRO 


c) Average numbers of spikelets per ear 


Date of sowing Fertiliser treatment Mean of all 
Variet 
d Early Middle Late High | Low treameni 
Glendowe …. 14.9 1752 16.8 16.9 15.7 16.3 
April Bearded 14.1 16.4 16.8 16.3 15,3 15.8 
Bersee Pm. aSa 14.6 15.4 15.6 15.4 15.0 1582 
BERONGN Geena ven take 13.4 15.4 14.9 14.9 14.2 14.6 
Teutonen ; 13.1 14.7 1557 14.4 14.6 14.5 
Dd ede 15 14.2 15.0 14.3 14.4 14.3 
AULCMER Af Pre oe 13.9 13.4 dsl 14.3 13.9 14.1 
Leapland Fronteira 13.6 14.4 14.4 13.9 14.4 14.1 
RESCUCM EN A 14.3 14.0 13.9 14.0 14.2 14.1 
Fransen ke MOR 13.8 1553 14.4 13.4 13.9 
National 28 14.7 12.4 14.0 13.4 13.9 13.7 
TAD 14.5 13.8 12.1 14.1 12.8 13.5 
ADI BEN ete 13.6 13.6 13e 13.4 13.4 13.4 
Thatcher: 13.0 1255 1257 12.8 12.6 12.8 
D'Avril AT 12.8 12.8 12.3 12.4 12.9 12.6 
DrlMazet. sn: % 13.4 11.8 DS) 12.1 13.0 12.6 
SAUS Nantes 135 11.8 11.1 MOED 12.0 12.1 
CH 2633 tn nd 10.6 12.4 11.9 EZ 115 11.6 
Venables 60 H.3 | 10.9 11.8 11.6 11.1 113 
1% Sig. Differences 1.79 1.46 123 
d) Average numbers of ears per plant 
‚ Date of sowing Fertiliser treatment Mean of ai 
Variety ; : 8 treatments 
Early Middle Late High Low 
CHI263S te 4.08 4,19 3,35 3.85 | 3.89 3.87 
Framel Iavoalken. 3.92 3.85 3.25 3.65 3.69 3.67 
Venables 60 3.88 305 3.32 3.66 3.49 3.58 
CADIER en 3.83 3.60 3.08 3-71 3.29 3.50 
hatenersn sn 4.10 3.50 2.84 3.66 3:31 3.48 
RESCHO MEE Benne 3.81 3.42 Sell 3.64 SPA 3.45 
Saunders. 4,13 8:37 2.83 3.56 3.33 3.44 
Tate 3.67 3.28 2.91 3.47 3.10 3.29 
Teutonen Dek 3.81 2.88 2.86 3.28 3.08 3.18 
April Bearded 3.43 Sal 2.70 3.34 2.86 3.10 
PORR re Srl 3.33 2.71 3.36 2.74 3.05 
Ate WER Orve Jk 3.36 3.03 2.59 3.09 2.89 2.99 
D'Avril 3.40 2.97 2.56 3.06 2.89 2.98 
De Do OA 3.09 3.44 2.18 3.06 2.74 2.90 
National 28 2.89 2,42 2.79 3.05 233 2.70 
Berseens. ot 2.78 3.14 2.10 3.09 2.25 2.67 
De Mazels.s. 2 2.90 2.61 2.24 2.73 2.43 2.58 
Glendowe t 2.83 Zl 205 2.83 2.29 2.56 
Leapland Fronteira 2.83 Da) | 2.18 2,52 231 2.41 
1% Sig. Differences 0.704 0.575 0.421 
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e) Average plot yields in grams 
(Varieties in order of decreasing mean yield) 


Vatie Date of sowing Fertiliser dE Mean obal 
Early Middle Late High Lewe enen 
| 
BEICOM oe I 298 269 248 291 252 pd 
MIEUEONENET 27 230 208 249 224 236 
Wro 256 234 193 233 221 DD 
BER te 268 235 177 255 198 226 
BEGI de Es 258 240 156 215 221 218 
Glendowe . ... 236 192 | 151 210 175 193 
Daundefs 5D 193 131 197 188 193 
AAN ews, venen (ane: 273 174 124 189 192 191 
REESCHeR Tk 274 177 116 196 182 189 
DAVE 0 a 243 176 | 142 187 185 187 
WUD Bez ee 203 167 168 183 176 180 
Matchen. 246 156 137 188 171 179 
April Bearded . . 183 202 152 184 | 174 179 
BEES ee 322 150 59 205 149 177 
Venables 60 . .. 210 157 125 175 153 164 
BDE Mazel” | 234 135 12 167 154 161 
Leapland Fronteira 215 159 81 162 141 152 
National 28 ... 225 167 61 172 130 151 
BIN263S ret zet 166 138 114 147 132 139 
1% Sig. Differences 43.2 | 35.3 24.9 
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ABSTRACT 


1. During the past 7 years research has been carried out on different propagation 
methods for cauliflower. Propagation from root-shoot cuttings proved to be the 
most efficient method. It was developed at the Institute of Horticultural Plant 
Breeding, Wageningen. The results obtained with it are generally satisfactory. 

2. For success, the cuttings should be properly cared for and the necessary precau- 
tions should be taken. The environment also plays an important part. 


INTRODUCTION 


In the Netherlands cauliflower supplies arrive at the auctions from May to De- 
cember. Early cauliflowers are sown under glass from September until early October, 
pricked off into pots in the autumn, and planted out under glass in December or in 
the field in spring. These cauliflowers are mainly supplied in May or June. Plants 
selected during these months can be left in the field and seed is harvested from them 
in the same year. 

For summer and autumn production sowings are made from March onwards and 
planting out takes place after 6 to 8 weeks. Of plants then selected no seed can be 
raised in the same year, so they have to be maintained until the following year. 

Another method of propagation is to judge and select varieties for late production 
in an early cultivation. This, however, presents the difficulty that exactly such char- 
acters as render a variety suitable for late production cannot be assessed. In this 
connection we think of resistance against drought and heat in the summer and heavy 
rainfall and early frost in the autumn. 

Below is a survey of the work carried out at the Institute of Horticultural Plant 
Breeding on vegetative propagation of cauliflower during the past 7 years. This 
research was mainly conducted by Dr. J. SNeeP, Mr. J. P. BRAAK and Dr. J. R. JENSMA. 
Some of the results have already been published (9. 12, 13, 14). The present author, 
who is now in charge of breeding research on cole crops at the above Institute, is still 
carrying out research on different aspects, the results of which will be published later. 


METHODS OF PROPAGATION FROM CUTTINGS 


Special attention has been paid to propagation by root cuttings and root-shoot 
cuttings. By the former are meant portions of root that are cut off the plant and then 
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se 


Fig. 1. SPROUTED ADVENTITIOUS BUDS ON THE ROOTS OF A CAULIFLOWER PLANT 


planted. Even if one or more buds on the root have already made some growth they 
are still spoken of as root cuttings as long as the portion of root predominates. 

From the adventitious buds on the roots young shoots can develop (Fig. 1), both 
‚n roots that are still attached to the plant and on planted root cuttings. These shoots 
zan be severed from the root and planted again (Fig. 2). They are called root-shoot 
cuttings. 

Root cuttings can always be taken from plants as they grow in the field. In many 
cases, however, this does not apply to root-shoot cuttings, for these usually do not 
form until after the ripe curds have been cut away, and then only in the summer. In 
autumn the temperature is normally too low for shoots to be rapidly produced and 
also the possible occurrence of night frost lessens the chance of success. Therefore it 
is to be recommended that the autumn-selected plants to be used for the taking of 
root shoots should be transferred to a frost-proof room. 

It is also possible to try to maintain the whole plant and bring it into flowering the 
following year. Propagation by cuttings is then no longer necessary. Some tentative 
experiments with this method have been undertaken. Although in a first experiment 
some plants, which had been overwintered under frost-proof conditions, could be 
brought into flowering, later experiences with this method were definitely bad. As a 
rule the curds rotted badly. 

Further research was carried out, though on a very small scale, into the possibility 
of using leaf-cuttings, curd portions and full-grown flower-stalks. Propagation from 
hese organs, too, appears to be difficult. As a rule, roots are formed at a very slow 
‘ate and rot badly. 
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Fia. 2. ROOTED ROOT-SHOOT CUTTINGS 


Significance tests of the differences found were undertaken with the aid of binomial 
probability paper (1). Differences were called significant if occurring at the 5 per cent 
level. 


RoorT CUTTINGS 


Condition of the cuttings 


‚ Little attention had been paid to the condition of the cuttings. There has been 
rather much variation in the material used. In many cases portions of roots still 
bearing fairly thick lateral roots were planted. 


Environment 


Propagation was done in a glasshouse in which the temperature was usually not 
lower than 20 °C. On hot summer days the maximum temperature was sometimes 
over 30 °C. The cuttings were mostly inserted in a mixture of peat-dust and sand. 
Drying out was checked by placing the cuttings under glass and keeping the soil 
sufficiently moist. The majority were inserted vertically into the soil so that the tops 
stuck out above the rooting medium. 


Influence of the condition of the cutting and of the manner of planting 

In the summer of 1950 root cuttings were taken from plants of the variety Lecerf. 
Some of them bore buds that had already sprouted. It was determined whether this 
had an effect on the percentage of takes. At the same time the effect of the pose of the 
cutting in relation to the medium was ascertained. 
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It was found that when the cuttings had been placed horizontally into the soil, 
fewer remained alive than when they had been inserted perpendicularly or semi- 
upright. The differences, however, were not significant. At first such buds as had 
Already made some growth did better but later there were no differences. Cuttings that 
were still alive after 4 weeks were wintered under glass in a frame. The following 
spring they were all still alive and some of them already flowering. Not more than 
3 out of the 4 cuttings per treatment survived, in total 9 out of the 30. 


Influence of the developmental stage 


In the summer of 1950 root cuttings were taken from plants in different stages of 
development from individuals that had just started bolting to such as were about to 
flower. The curds of these plants had not been removed. From 5 to 10 cuttings were 
taken to represent each developmental stage. A number of the root cuttings sprouted, 
but no differences were shown to exist between developmental stages. The young root 
shoots lagged behind root cuttings taken from plants of which the ripe curds had 
immediately been removed. 


Influence of the season 


Both in summer and in autumn cuttings began to develop young shoots. In both 
seasons, however, different varieties were used, so that it cannot be said with certainty 
that the season has an effect. 


THE PRODUCTION OF ROOT SHOOTS ON PLANTS GROWING IN THE FIELD 


Influence of the foliage 

In the summer of 1953 the effect of the leaf on the production of root shoots was. 
determined on plants of the variety Flora Blanca. Of some of the plants the curds as 
well as the leaves were removed, of others the curds only. In both treatments a 
uumber of plants had their roots laid bare. The results are shown in table 1. 


TABLE 1. INFLUENCE OF THE FOLIAGE ON SHOOT FORMATION 


Total nûmber Number of plants 
Treatment of plants with shoots in 
autumn 
CENTRO ie er ME ARE  VETEL 10 10 
Burdssand leave cut. Ofke hs AMAed rt Mate en 10 1 
Curds cut off and roots laid bare ...…. 4. 34 33 
Curds and leaves cut away and roots laid bare ... 16 5 


/ 


The foliage has a favourable effect on the formation of young shoots. This effect is 
significant. Laying the roots bare seems to have a favourable effect only if the leaves. 
have been cut off, but even then the difference is not significant. 


Influence of nitrogen and potassium 
Of all plants of 3 varieties the curds were cut away, the leaves halved and the roots. 
laid bare on August 18, 1953. Thefirst row of each plot of each variety received no 
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manure, the second row was manured with nitrogen in the form of calcium nitrate 
and the third with potassium. Each row consisted of 11 plants. The numbers of plants 
with shoots on October 9 are shown in table 2. 


TABLE 2. INFLUENCE OF THE VARIETY AND OF MANURING ON SHOOT PRODUCTION 


Manure 
Variety = Total 
O N K 
Amélioré d'Orgeval .. ... 8 10 11 29 
Malmaisonsmne nn 9 11 11 31 
EloraBlancanas demen 10 10 11 31 
Total Metend EE 27 31 33 91 


There were no significant differences between treatments. 


Influence of the season 


On October 16, 1953, of 30 plants of each of the varieties Southern Cross and Cape 
Invincible the curds were cut away, the roots laid bare and the leaves halved. 

On December 1, shoots formed on 15 out of the 55 plants. Of these 12 occurred in 
the two outer rows and only 3 in the four centre rows. These differences might be due 
to the light intensity which was weaker in the centre than in the outer rows. 

The results compare unfavourably with those obtained in the summer. 


THE PRODUCTION OF ROOT SHOOTS ON TRANSFERRED PLANTS 


To escape night frosts the root shoots on plants growing in the field should be 
planted before November 1. As the plants, to be judged after September 15, require 
about 6 weeks to produce shoots, they must be transferred to a frost-proof room for 
the production of shoots. To this end they are dug out with a substantial ball of soil. 
As a rule the leaves are reduced by half, the curds cut off and the tops of the roots 
laid bare early. 


Influence of the environment 


Attempts have been made to get plants to produce shoots both in glasshouses and 
in isolation rooms. In 1953 shoot formation in a cold frame was compared with that 
in a heated isolation room. In the latter planting was done on November 12 and 
supplemental illumination from HO 2000 mercury vapour lamps was given from 3 
a.m. to 5 p.m. The temperature of the isolation room was 10 °C until November 23, 
and 15 °C afterwards. In the cold frame planting was carried out on October 22. 
Table 3 shows the number of plants with shoots on January 4, 1954. 


“TABLE 3. INFLUENCE OF THE ENVIRONMENT ON SHOOT FORMATION 


Number of plants 


Place | Number of plants | Shee 
COld: framen ee Te 40 Li) 
TSOlation oom Nee Ben 42 31 
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The differences are significant, in favour of the isolation room. On February 12, 
1954, the plants in the frame became frozen. On December 12 all the piants in the 
isolation room started to rot badly and were therefore discarded on January 5. 

The results obtained under these conditions in the isolation room closely agree 
with those obtained in 1951 and 1952, published by SNEEP and BRAAK (14). The 
number of days preceding shoot formation varied in those years from 48 to 97, the 
percentage of plants producing shoots from 5 to 80 %. The trials were carried out 
with 10 to 20 plants. The average number of shoots per sprouted plant ranged from 
2 to 12. 

In the years 1953 to 1955 experiments were undertaken in cold isolation rooms in 
which the plants were grown under the normal length of day at temperatures above 
9 °C in winter. The plants formed shoots at a much slower rate, usually not until the 
spring. In these years transplanting was done on November 17 or 23. The results are 
entered in table 4. 


TABLE 4. OVERWINTERING OF CAULIFLOWER IN A COLD ISOLATION ROOM 


Year Total number of plants % with shoots in spring 
EN 64 OEP 
BIEN teneerste 94 54-86 
LIN or EN PE DS 56 


The above experiments have been carried out with different varieties. In most cases 
varietal differences in regeneration power were not observed. 


PROPAGATION FROM ROOT SHOOTS 


In a suitable soil mixture, to be placed in a glasshouse if necessary, the rooting of 
the young shoots is generally good. In the autumn and winter supplementary illum- 
ination is desirable and the temperature should not be too low. Rhizopon AA 1 % 
(indolyl butyric acid) sometimes gives better rooting. 


DISCUSSION 


Root cuttings 


In the case of root cuttings the percentage of takes is usually low, often not higher 
than 20 %. In many experiments, not reported here, even all of the cuttings failed. In 
our experiments the percentages of takes were lower than those found by IsBeLL (8) 
and NorTH (11), who obtained percentages ranging from 40 to 100 % for cabbage and 
Brussels sprout respectively. North worked with pencil-thick portions of root, these 
being inserted so that the tops stuck out above the level of the medium. 

In many cases the cuttings will sprout but after some time they start to damp off. 
The unfavourable results obtained by us may be due to insufficient attention having 
been paid to the condition of the cuttings. NORTH also found that decay is sometimes 
checked by external sterilization. This is an indication that decay is sometimes caused 
by infection from outside sources. Cuttings, however, can also be infected internally, 
e.g. by Phoma lingam. In that case external sterilization will be of no avail. 
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Generally speaking, the method of root cuttings can be said to produce erratic 
results in the case of cole crops, so that it cannot yet be recommended to commercial 
breeders. 

Buds on root cuttings will sprout, both in summer and in autumn. A seasonal 
periodicity, as found by HUDSON (6,7) in a number of crops — strawberry, poplar, 
autumn lilac (Phlox paniculata) and Senecio jacobaea — does not seem to exist in cole 
crops. Nor have any differences been observed between developmental stages. A 
physiological periodicity has not been found either. HUpsoN did not find 
polarity in shoot formation: cuttings may form on the upper, centre and lower part 
of the cutting. This is also the case with root cuttings of cole crops. 


Root-shoot cuttings 

With these cuttings highly satisfactory results have been obtained so far. The 
percentage of plants forming root shoots is usually higher than 50 %. If properly 
applied this method seems promising for use by commercial breeders. Cutting away 
the young growing points of the curd is essential to success. This can be done by 
cutting away the whole curd, but as an alternative the outer layer of flower buds can 
be cut away, which will protect the stalk against rot. If the curd is not removed, the 
adventitious buds of the roots generally do not sprout, probably because the assimila- 
tes are then transported from the leaf to the bolting flower-stalks. Cutting away the 
leaf has an adverse effect on the sprouting of the root shoots, probably due to the 
supply of assimilates to the roots being cut off. Additional manuring has little effect. 
There were few differences between the various varieties with respect to the formation 
of shoots. 

NORTH (11) found that between individual plants of Brussels sprout appreciable 
differences may occur in the percentage of root cuttings that form shoots. He also 
found a slightly positive correlation between the number of shoots on root cuttings 
of plants developed from root cuttings and the number of shoots formed on root 
cuttings of the original plant. These phenomena may point to genetical differences in 
the measure of shoot formation, which may be governed by differences in the number 
of adventitious buds on the roots, as their number appears to be positively correlated 
with the number of sprouted shoots. 

In autumn the roots sprout at a much slower rate. This may be largely due to the 
lower temperature. There are indications, however, that the light intensity also plays 
a part. Notably when the structure of the soil is such that the young root shoots 
cannot readily push their way to the surface, the tops of the roots have to be laid 
bare. Selected plants can only be successfully transplanted if adequate equipment is 
available, for instance a frost-proof room. In most cases preference will be given to 
propagation in spring, since supplementary illumination is then not necessary. 
Propagation in winter can be done at temperatures of 15-18 °C under additional light 
given from October to February inclusive, so that the light intensity averages 8000 lux 
for 12 hours. 

Little research has been carried out on propagation from young root shoots. 
Under good conditions of temperature and illumination, if needed with the aid of 
Rhizopon AA 1 %, fairly satisfactory results can generally be obtained. 
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Other methods of propagation 


The overwintering of full-grown plants usually produces very disappointing results. 
The same applies to the propagation from leaf cuttings, full-grown flower stalks and 
curd portions. The latter occasionally root but they do not grow further and rot away. 

This is in contrast with the experiences of GRAHAM and STEWART (2), HAINE (4,5) 
and NORTH (10). HAINE obtained favourable results with the propagation from bolted 
flower-stalks. Plants that were ripe for harvest were placed by him at temperatures of 
16°-20°C. At these temperatures vegetative shoots are formed on the bolted 
flower-stalks. These shoots can be readily rooted. In our experiments we used the 
more generative flower-stalks which had but little foliage attached to them. The other 
workers planted curd portions which still bore a few green leaves. It may well be that 
these leaves enabled assimilation to take place so that the cuttings survived. 

NORTH found that after two months young shoots formed at the base of the curd 
portion, and that they could be planted. In our experiments, however, such shoots 
hardly ever developed. 

HAIGH (3) used portions of stumps, 6 cm in length, from which the pith had been 
removed. After having been sterilized they were placed in sterile sand at 20 °C. 
Within a month young shoots had developed from buds. 

In conclusion of this survey two series of methods are juxtaposed. On the left are 
those methods which we would prefer from the standpoint of labour and space. On 
the right the methods are given which have so far produced the best results. 


in order of preference In order of success 

i. Seed production directly in the field 1. Seed production directly in the field (only 
in spring cauliflower) 

2. Propagation from generative parts 2. Propagation from root shoots 

3. Propagation from leaf cuttings 3. Propagation from root shoots after trans- 
ferring the plant 

4. Propagation from portions of root 4. Propagation from portions of root 


Sl 


‚ —= 6. Propagation from generative parts 
and leaf cuttings 


5. Propagation from root shoots 


6. Propagation from root shoots after trans- 
ferring the plant 


It will be seen that it is worthy of recommendation to carry out further research on 
the methods shown under 1-4 in the left-hand column. 


SAMENVATTING 


De vegetatieve instandhouding en vermeerdering van bloemkool 


|. In de afgelopen 7 jaren is onderzoek verricht met verschillende stekmethoden bij 
bloemkool. De methode met behulp van wortelscheutstekken bleek tenslotte het meest 
doelmatig. Met deze methode die op het Instituut voor de Veredeling van Tuinbouw- 
gewassen werd uitgewerkt, worden doorgaans goede resultaten verkregen. 

2. Bij het stekken zijn de nodige voorzorgen en een goede verzorging eerste vereisten. 
Het succes van het stekken wordt in belangrijke mate bepaald door het milieu waar- 
in gestekt wordt en de conditie van de stek. 
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ABSTRACT 


Bacterial wilt of alfalfa (Medicago sativa L.) caused by Corynebacterium insidiosum 
(MECCULL) JENSEN was unknown in Italy until 1957. The authors established in that 
year in the province of Bologna this dangerous disease in 2-3 year-old stands of 
alfalfa which appeared uniformly and extensively thinned. 

They started a breeding programme with the use of bacterial wilt resistant material 
from the U.S.A., while also studies on methods of testing for resistance under Italian 
conditions are in progress. 


BACTERIAL WILT OF ALFALFA CAUSED BY Corynebacterium insidiosum (MCCULL) 
JENSEN, IN ITALY 


In recent years we have been interested in the problem of alfalfa stands thinning in 
Italy (1, 7, 13). From the first investigations carried out in the regions of Veneto, 
Umbria, Marche and Sicilia, the problem of alfalfa thinning in Italy seems to be of 
a complex nature, as many biological and environmental factors are involved. In the 
above mentioned regions the thinning, in the first stage of its appearance, seems to be 
related to the activity of saprophytic bacteria of the genera Aerobacter and Flavo- 
bacterium, and later to the activity of root fungi of the genera Fusarium and Verticil- 
lium. 

In September 1957, following our investigations, we were in the province of Bologna 
on a trip to visit 2-3 year-old stands of alfalfa which were uniformly and extensively 
thinned. In these fields, among the few plants still alive, some were clearly showing the 
symptoms of a disease resulting in dwarfing and stunted growth. The taproots, though 
of a normal aspect, showed internally the symptoms of an infective process in the 
pericambial xylem. Cross sections of taproots clearly showed a continuous ring of a 
light-brown colour located in the pericambial xylem. When the bark was peeled the 
surface of the woody cylinder was of a yellowish-brown colour. In an advanced stage 
of the disease, the symptoms also appeared more deeply in the wood. In this case 
peeling the bark of taproots was an extremely simple operation. 

From the roots with the symptoms of the disease an organism could be isolated 
which we indentified as Corynebacterium insidiosum (McCurr) JENSEN. This bacte- 
rium, sometimes together with other bacteria, is responsible for the alfalfa bacterial 
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Fi. 1. INFECTED PLANTS (LEFT), HEALTHY PLANTS (RIGHT) 


wilt, as it is well known in the United States*). It seems that this disease has not been 
recorded in Western Europe so far (2, 6, 8, 14). It was first recorded by JONrs (9), 
JONES and MecCurrocH (10) in 1925-1926 in United States, where it is found in 
Medicago sativa and in Melilotus alba; later on it was found by other research workers 
in Canada, Russia and Turkestan. By wound inoculation of seedling-roots 4-5 months 
old we could induce the symptoms of the disease (Fig. 1). 

The finding of such a dangerous disease in Italy suggested to set up a breeding pro- 
gramme in order to develop italian strains of alfalfa resistant to the disease. From 
1953 to 1956 we laid out an observation field with american varieties of alfalfa, inclu- 
ding some of the bacterial wilt resistant ones such as Ranger, Caliverde, Lahontan, 


*) We are indebted to Prof. K. W. KreIrLow of the Agricultural Research Station, Beltsville, 
Maryland, U.S.A, for his kindness in sending us some strains of Corynebacterium insidiosum which 
were extremely helpful in the identification of the bacteria isolated from our alfalfas. 
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Atlantic and Vernal. Results from this test pointed out that none of the american 
varieties was equal to the local in yielding ability (12); however, in planning our bree- 
ding programme for resistance we thought that it was convenient to include the 
american resistant varieties, excluding Vernal for differing too much from our alfalfa 
as concerns growth habit. Our ecotypes are very similar to Caliverde and Lahontan, 
but quite different from Ranger and Atlantic which are slower in growth and spring 
recovery. Atlantic has a good yielding ability under our conditions and its latest 
selections are very resistant to bacterial wilt. Some of the germ plasm of the american 
varieties is derived from Turkestan which possesses the most resistant types. From this 
material we isolated the highest yielding plants by means of a plant-progeny test. The 
root-ball soak method of inoculation was used in our experiments, as described by 
CORMACK et al. (4), for the inoculation of progenies grown in pots in a greenhouse. 
Studies on methods to test alfalfa for resistance to bacterial wilt under our condi- 
tions are in progress. Of course an italian alfalfa from a region where bacterial wilt 
forms a serious problem was also included in the breeding programme. An italian 
ecotype was selected on the basis of the results of preliminary observations (7). 

Our breeding work will develop with the advantages of the previous experiences 
(3, 5, 11, 15, 16) and by that we hope to reach our aim in not too long a period of 
time. 


SAMENVATTING 


Over het voorkomen van een door Corynebacterium insidiosum (MeCull) 
Jensen veroorzaakte verwelkingsziekte van lucerne in Italië 


In 1957 stelden de schrijvers voor het eerst in Italië de door Corynebacterium 
insidiosum (MecCurr) JENSEN veroorzaakte verwelkingsziekte in lucerne vast. Zij be- 
gonnen met een kweekprogramma, waarbij gebruik werd gemaakt van tegen deze 
bacterieziekte resistent materiaal uit U.S.A. Tevens werd een begin gemaakt met een 
onderzoek naar de beste toetsingsmethode op resistentie. 
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ABSTRACT 


An experimental design, based on orthogonal Latin squares, is described. It is of 
particular value for variety trials in glasshouses. 


INTRODUCTION 


The purpose of this paper is to direct the attention of plant breeders to a design for 
variety trials which is particularly suitable for glasshouse experiments. In such trials it 
is very desirable to include both rows and columns, since there is often considerable 
variability both across and along the house. The design falls between the rigidity of a 
Latin square and the complexity of a lattice square. 

YATES (4) discussed this type of design, and more recently HARSHBARGER and DAvis 
(2) and BiRTWISTLE (1) have suggested other developments and analyses. HARSHBARGER 
and Davis describe a particular case only (k = n-1 in our notation below), and 
BIRTWISTLE used a method of analysis which led him to impose unnecessary limitations 
on the design. It is therefore worth while to clarify and, at the same time, publicise 
an extremely useful design. 

The “Latin rectangle” discussed by MUDRA (3) shows some similarity to the present 
design, but does not in general achieve the same degree of balance. The Latin square 
type of analysis proposed by MUDRA is not strictly valid since it neglects certain 
restraints in the randomization. 

It is suggested that the design be referred to as a Trojan square when the number of 
Latin squares involved exceeds two. 


DESIGN 


The design is based on, and requires the existence of, a set of k orthogonal n xn 
Latin squares. There are kn varieties, each represented by n sub-plots, n rows and n 
columns. There are n? plots, each split into k sub-plots, which carry the varieties 
specified by the corresponding entries in the k Latin squares. The varieties are divided 
into k “alphabets” so that the n varieties in one “alphabet” correspond to the n 
figures of one Latin square. It is possible to restrict the randomization so that there 
are up to k sub-columns confounded with “alphabets”’, within each column, but this 
possibility will not be considered further. 
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Example of the evolution of a Trojan square with n — 4 and k = 3. 


1. Three orthonogal 4 x 4 Latin squares 


1823374 152374 1234 
2143 3412 4321 
3412 4321 2143 
4321 2143 SAND, 


IL. The figures are substituted with alphabets ABCD, JKLM and PQRS, and the 
three squares superimposed on each other. This gives a 4 x 4 square with 3 sub- 


plots per plot. 


AJP BKQ CLR DMS 
BLS AMR DJQ CKP 
CMQ DLP AKS BJR 

DKR CJS BMP ALQ 


III. The randomization required is of rows, columns, sub-plots within plots, and the 
allocation of varieties to letters. To avoid errors, it is best to randomize these 


items one at a time. 


If, for a proposed design, there are more orthogonal squares available than are 
required, the choice of squares may be made at random. 


ANALYSIS 
Notation 


jerks 


“sum of” 
yield of one sub-plot 
grand total 
variety total 
row total 
column total 
whole-plot total 
P-v(p) where v(p) = the sum of variety means V/n, for all varieties 
occurring in the whole plot 
2 
a — Rows s.s. — Columns s.s. 
whole-plot error variance 
sub-plot error variance 
combined error variance (where applicable) 


a & and o ; are unknown quantities which are to be estimated by Analysis of 


Variance. 
Analysis of Variance Expected error component 
d.f. SS. of the M.S. 
É î ORE Yî 8 
OWS Liko En 8 4 
DH OE VA 
1 = En an 2 
Columns nl DE 5 à 
EV ye (n — Do 3 — Do f 
Varieties nk — 1 en Be arn Nen 
n n°k nk — 1 
Whole plots 2 
— 1) (dev? = 2 = 2 
(corrected for varieties) (n—1)? 5 ) A0) ak A DeeS 5 
(n-2) k (n— 2)k 
Sub-plots (n — 1) (nk —n — 1) By subtraction ai 
teru tdk ES 2 ie 2 
Total n°k — 1 7 Ee 
n°k 
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In carrying out this analysis, the data are first inspected for any obvious misreadings 
and then the whole-plot, row, column and variety totals are found. These can all be 
eross-checked with the grand total. The variety means are then found and their total 


en Eee) 
checked against ne To minimise rounding off errors, the variety means are recorded 


to one decimal place more than the original observations y. The values of Q are then 
found for each whole-plot by subtracting from the whole-plot total the variety 
means of all those varieties which occur in the whole-plot concerned. The sum of all 
the n° values of Q should equal zero, within the limits of round-off error. If this check 
fails, the particular row in which the mistake occurs may be identified, for the sum of 


the Q's in any one row should equal the value of R-& for that row. A similar check 


can be made for columns. 

The Rows, Columns, Varieties and Total sums of squares are obtained in the same 
way as in Latin square analysis. The whole-plots error S.S. is found by summing Q?, 
dividing by k, subtracting the S.S. for Rows and for Columns and multiplying the 
dev?Q nl 

Kk by Bf The sub-plots error S.S. is then 
calculated by subtraction. The mean squares are found as usual by dividing each S.S. 
by its appropriate number of degrees of freedom. 

Many calculating machines are so constructed that, when the sum of squares of a 
set of numbers is obtained the straight sum of the numbers is also accumulated. In 
this way a check can be applied when obtaining the sums of squares of y, V, R and C. 
But since Q is sometimes positive and sometimes negative, such a check usually 
cannot be applied when calculating the sum of Q?, and so 2Q? must be worked out 
twice to ensure accuracy. 


result, which is referred to above as 


ESTIMATION OF STANDARD ERRORS 


The right-hand column of the Analysis of Variance table indicates the expected 
error component of the different mean squares. This shows, for example, that in the 
absence of genuine differences between rows, the Rows M.S. is expected to equal o 5. 
It may be more or less than the true but unknown value of o % by chance, and it may 
be inflated by real row differences. The Variance Ratio test allows for the chance 
variation, and so permits judgment as to whether or not real row differences occurred. 

In this design, as in an ordinary split-plot design, it is necessary to estimate two 
error variances, one for comparisons between whole-plots (o 2) and one for com- 
parisons between sub-plots within the same whole-plot (o £). It may be that 5; — Gi 
in which case the whole-plots error M.S. is expected to equal the sub-plots M.S. If, 
therefore, the whole plots M.S. is not more than, say, twice the sub-plots M.S., the 


two S.S. may be pooled to give one combined error mean square o*. Then the variance 
2 


iej . 
of one variety mean is estimated as ER and the standard error is of course the square 
root of this. But if the whole-plots error is considerably even if not significantly larger 
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than the subplots error, the two must be kept distinct. In this case the sub-plots M.S. 
is used to estimate o £, and 
(n-2)k (whole-plots M.S.) — (k-1) (sub-plots M.S.) 
nk — 3k+1 


to estimate o 2. This is because, as shown in the Analysis of Variance, the expected 
value of the whole-plots M.S. is a combination of o Zand co}. These values are then 
used to estimate the variance of the difference of two variety means. For varieties in 
the same alphabet, this is 
20 2 + (klo 
nk 


and for varieties in different alphabets 


2 [lo 2 + (nk-n+ Do ?] 
n?k 


Usually these two “variety-difference” variances will differ so little that their weighted 
average, that is 


2 [(a-l)o?2 + n (k-I)e àl], 
n (nk-I) 


may be used for the difference between any two varieties. The standard error of one 
variety mean may then be quoted as 


yer ol n(kDoi. 
n (nk-l) 


EXAMPLE 


The data are taken from a cucumber yield trial grown in a block of five narrow 
glasshouses in which each house corresponded to a column in the design n — 5, 
k = 4. Varieties labelled 1-20. 


Variety Total (V) Mean 5 | Variety Total (V) Mean 5 
1 259 51.8 1 233 46.6 
2 238 47.6 12 222 44,4 
3 196 39.2 13 213 42.6 
4 224 44.8 14 208 41.6 
5 248 49,6 15 255 51.0 
6 173 34.6 16 241 48.2 
1 231 46.2 17 306 61.2 
8 242 48.4 18 247 49,4 
9 238 47.6 19 219 43.8 

10 245 49.0 20 244 48.8 
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NE EE OM En at dd he age en Ss eh 
R 
„(6 (17) (7) (15) @) (10) 6) (LI) (1) (9) 
46 62 51 92 47 7 56 54 56 64 
1015 
(14) G) (4) (18) (13) (16) (19) (8) (12) (20) 
42 42 49 53 42 49 45 99 44 49 
192 205 195 210 213 
(19) (7) (14) (20) (6) (12) (16) 3) (4) (11) 
42 46 42 44 33 46 46 33 44 34 
_ 888 
(1) (13) (8) Q) (5) (18) (9) (15) (17) (10) 
52 40 47 43 43 53 40 53 59 48 
180 176 175 172 185 
(18) (a) (12) 3) (17) (15) (4) (13) (16) (7) 
51 42 48 45 63 47 47 39 51 46 
934 
(9) @) (10) (19) (1) (8) (20) (6) €) (14) 
44 51 45 47 51 44 49 32 45 47 
188 185 205 167 : 189 
(12) (8) (17) 5) (20) (3) (18) (1) (QQ) (19) 
46 44 66 47 50 38 44 53 51 38 
920 
(4) (16) (9) (13) (1) (7) (10) (14) (15) (6) 
44 44 53 41 51 41 49 SJ 55 28 
178 207 180 183 17/2) 
(5) (10) (16) (1) (9) (14) (7) (2) 3) (8) 
57 46 51 47 3 40 47 46 38 52 : 
925 
(20) (15) ai) (6) (19) (4) (17) (12) (13) (18) 
52 48 52 34 47 40 56 38 51 46 
203 184 164 187 187 
@ 941 957 919 919 946 I 4682 
Q value for each plot. 
+ 15.4 + 13.6 + 7.6 + 21.6 —J- 20.4 + 78.6 
— 44 — 10.4 — 3.0 — 14.0 — 16.6 — 48.4 
PES in EEA 2038 A dd 
— 7.8 + 6.0 — 0.8 — 8.8 — 5.0 — 16.4 
J- 4.6 J- 2.8 — 13.8 — 12.4 + 7.4 — 11.4 
+ 46 —- 20.6 — 17.4 — 17.4 + 9,6 0.0 
PO — 2763:52 
at — 187.46 
k 
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Analysis of Variance 


df. s.S m.s. F 
| 
REVS ve Dr EA IE AE 4 446.26 TSS 5.08** 
Columns en en 4 57.16 14.29 0.65 
Varietles Me td de 19 2748.36 144.65 6:SOREE 
Plots ee NS | 16 249.95 15.62 
Sübsplots en senen | 56 1331.03 231 
DOEN WR 99 4832.76 
Combined error 
(Plots and sub-plots) .... 12 1580.98 21.96 
21.96 
S.E. of one variety mean — Te 2.09 (72 df.) 
4 É 2x21.96 
S.E. of difference of 2 variety mean — Eik 2.96 (72 df.) 


In this analysis the plot m.s. does not exceed the sub-plot m.s., and so a combined 
error m.s. may be used. To test the significance of overall variety differences, the 


144. 
variance ratio is TIE Ts 6.59 with 19 and 72 d.f. The least significant difference at 


5 % probability between two treatment means is 2.96 x 2.00 — 5.92. 

It is possible to correct treatment means to eliminate differences between whole- 
plots (HARSHBARGER and Davis, 2), but this is advantageous only if o 2 exceeds 
2k-1 
kel 
weight the whole-plot and sub-plot differences, but this again is rarely worth while 
(BIRTWISTLE, 1). BIRTWISTLE’s condition that k must not exceed n-2 does not apply 
to the present method of analysis; it is due to his allocation of a total of 2kn—k-1 
degrees of freedom to the differences between kn varieties. 


5 #, and in most cases is not worth the labour involved. It is also possible to 
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SAMENVATTING 


Het Trojaanse vierkant 


In dit artikel wordt een proefopzet beschreven welke gebaseerd is op het Trojaanse 
vierkant (Hyper-Graeco Latin Square). Aan dit schema is weinig aandacht in de 
literatuur geschonken. Schrijver acht deze methode van veel waarde bij de opzet van 
proeven in kassen. 
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ABSTRACT 


In 1951 the Foundation for Agricultural Plant Breeding, Wageningen, had a 
refrigerator and hardening equipment installed with the aim of providing private 
breeders with cold-resistant material and of testing their young lines for this character. 

This gave the author an opportunity of studying the problems of winterhardiness. 
The data gathered were treated in a thesis (2). This article gives a summary. 


INTRODUCTION 


Non-hardy wheat varieties, such as Wilhelmina and Juliana, were widely grown in 
the Netherlands for many years, while winterhardy varieties such as Mendel and 
Carsten V covered only small areas. Only after winters with severe frost were winter- 
hardy varieties temporarily grown on a somewhat larger scale, at the expense of less 
winterhardy, more productive varieties. More or less unconsciously the following idea 
was premised: winterhardiness is correlated with a strong need for low temperatures 
and a late development in spring. This late spring-development should be the reason 
why varieties cannot reach their greatest productivity. 

The variety Heine’s VII which a few years ago covered a large part of the area under 
wheat in the Netherlands, is proof that a reasonable winterhardiness can indeed be 
combined with a fairly rapid spring development and a good yield. 

In winter barley the situation as regards these problems differs much from that in 
wheat. There are no West-European varieties that can withstand very severe winters, 
unless the crop is protected by a layer of snow. However, if tested under less rigorous 
circumstances there undoubtedly would be great differences in winterhardiness among 
commercial varieties. Winter barley does not need the low temperature that many 
winter wheat varieties require. 


Considering the foregoing problems, it is not surprising that winterkilling in cereals 
has long been a subject of intensive study. In spite of the results obtained from these 
investigations, many arguments can be advanced for the fact that there is still a great 
attention given to problems connected with winterhardiness. One of the reasons is that 
the subject is of a very complex nature, so that many details have not, or have been in- 
sufficiently investigated. 
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ANALYSIS OF THE CONCEPT WINTERHARDINESS 


The damage by frost is dependent on a combination of many factors. The com- 
plicated nature of winterkilling and the irregular occurrence of severe winters hamper 
selection in normal trial fields. Many efforts have been made to find methods or symp- 
toms which would render it possible to draw conclusions as regards winterhardiness of 
varieties and of hybrids. Apart from regions where winterkilling is mainly caused by 
indirect frost damage (heaving), results of cold resistance measurements generally 
agree with winterhardiness in the field. 

Search has been made for morphological characters or other characteristics which 
would be easily measurable and which would form a reliable standard for the indica- 
tion of winterhardiness. In many varieties and groups of varieties winterhardiness is 
correlated with other properties such as low temperature requirement, rapid spring 
development, leaf position and depth of tillering. On examining large collections of 
varieties, however, there appears to be no relation between one of the properties men- 
tioned and winterhardiness. In the wheat varieties of northern and western Europe 
good winterhardiness is roughly correlated with late spring development. In spite of 
the foregoing statements, it can be established that plants with a good winterhardiness 
should have a genotypical tendency for a good cold resistance. 


THE DIRECT MEASUREMENT OF COLD RESISTANCE 


The compartment used for freezing experiments was kept low in order to prevent 
differences in temperature as much as possible. The rooms in which the plants are 
exposed to low temperatures are 50 cm high, 40 cm wide and 215 cm long (Figs. l and 4). 
The plants are frozen in the flats in which they were raised; they are not removed from 
the soil. The result of a freezing experiment is greatly dependent on the conditions 
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prevailing before the treatment, the most important ones being the temperature and 
the day length. 

The plants reach optimal hardening at low temperatures and high light-intensity. In 
order to have available plants of equal stages of hardening, a special room has been 
installed for that purpose near to the freezing equipment (Figs. 2 and 3). At a tem- 
perature of 2°C and under the light of TL-tubes the plants reach a favourable hardened 
condition in this room. De-hardening resulting in loss of cold resistance may be 
brought about in two different ways. In one of them the hardening process takes place 
at higher temperatures, the other one is dependent on the developmental stage of the 
plants. During the thermophase the cold resistance decreases according as the degree 
of vernalization is heigthened. This is very important since nearly all winter barley and 
winter wheat varieties, after normal sowing, are exposed to winter temperatures in a 
nearly or entirely vernalized stage. 


The influence of vernalization on cold resistance is studied in a number of experi- 
ments. From the results it appears that in the wheat varieties investigated only in a 
few cases in the cold resistance strongly influenced by the vernalization condition. 
The wheat varieties Pévèle and Etoile de Choisy are most conspicuous in this respect, 
and the two winter barley varieties investigated also respond to a high degree. Consid- 
erable differences in cold resistance may exist between different stages of growth. The 
cold resistance generally increases from the earliest stage (coleoptile stage) until the 
4-leaf-stage. 

While the Northwest European varieties are very little resistant in the coleoptile 
stage, no matter whether they possess a good or a slight cold resistance in an older 
stage, a number of South European and North American varieties which are resistant 
in an older stage, are also resistant in the coleoptile stage. No consistent results could 
be obtained by using the method described by GRAHL (3). 


THE STUDY OF WINTERHARDINESS BY MEANS OF SOWING TRIALS 


In the autumns of the years 1953, 1954 and 1955 sowing trials were laid out. By 
means of different sowing times, artificially vernalized and non-vernalized material and 
different day lengths obtained by artificial light, it is possible to expose plants to winter 
temperatures in various stages of development. When these experiments were set up, 
not only an investigation of winterhardiness in various stages of development was 
considered, but also an attempt was made to find an inexpensive testing and selecting 
method for the breeder of winter cereals. Day length was extended by means of in- 
candescent lamps of 200 W., placed at a height of 1 m above the plants, 1 lamp per 
4 m?. The developmental stages of the spike primordia were determined according to a 
method described by v. D. SANDE BAKHUYZEN (Ì). 

It can be stated that the method recommended by HOFFMANN (4) to vernalize the 
seed before sowing in autumn, in order to test and select wheat and barley for winter- 
hardiness, is very practicable. This holds for many varieties, in particular when the 
day length is extended by additional light. 

The experiments on sowing time and illumination with vernalized and non-vernal- 
ized seed, are very instructive because during winter the behaviour of the plants can 
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be studied at different developmental stages. These inexpensive experiments enable 
breeders in a few years to get information about a number of important characters 
of their breeding material and lines. 


THE INHERITANCE OF THE WINTER AND THE SPRING ““FORM’’ OF CEREALS AND THAT 
OF COLD RESISTANCE 


Many publications have been written on investigations of the inheritance of the 
winter and spring types of cereals, the relationship between wintertype and winter- 
hardiness and the inheritance of winterhardiness. However, most of them give results 
on the basis of a limited amount of material or, as in many older publications, insuffi- 
cient account is taken of the factor-complexes of low temperature requirement and 
photoperiodicity. 

The inheritance of the winter and of the spring type was studied by examining 
growing points of plants of several F,- and F,-generations of wheat or barley crosses 
that had grown under different day lengths. Neither in barley, nor in wheat were simple 
segregation ratios found in the various F-generations. Considering the fact that there 
are transitional types between winter and spring forms this could be hardly expected. In 
the F‚-generations of most crosses of winter x spring types various individuals were 
found that were advanced further than the parents. 

In some investigations for the inheritance of cold resistance in a number of crosses of 
winter and spring forms of wheat and barley it appeared that in F‚-generations exposed 
to long day treatment the spring forms are more prevalent; under short days, on the 
contrary, the F‚’s exhibilited an intermediate cold resistance and sometimes showed a 
fairly strong prevalence to the winter form. Results obtained with F,-generations were 
variable, according to the pre-treatment. A longer day, created by additional light, 
reduced the cold resistance. 

The influence of the condition of vernalization on winterhardiness is particularly 
clear in the winter barley varieties and in the wheat variety Etoile de Choisy. In the 
wheat varieties Heine’s VII and Carsten’s V an influence of the condition of vernal- 
ization in general did not become evident until the days lengthened. The winter 
barley varieties appeared to still possess some winterhardiness also at the beginning 
of the generative stage. No great response to the condition of vernalization could be 
observed in the spring wheat Reliance, but the day length plays an important role in 
the ultimate winterhardiness. 


THE INHERITANCE OF WINTERHARDINESS IN HYBRID POPULATIONS OF WHEAT AND 
BARLEY 


Winter barley 


In spite of the fact that several Dutch breeders have been engaged in breeding work 
with winter barley, the initial material has been restricted until recently. Until 1949 
practically the whole area under winter barley was covered with varieties selected from 
the local variety “Groninger wintergerst’’. Among them was the variety Vindicat. 
Since then the following Dutch varieties have been included in the List of Varieties: 
Urania and Vinesco from the cross Vindicat x Escourgeon 185/79 and Trias from the 
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cross Vindicat x Breustedt 75/29. Even with the introduction of these varieties 
agriculture in the Netherlands has still no variety of sufficient winterhardiness, while 
the lack of resistance against mildew and rust is another disadvantage. And there are 
no foreign varieties to fill this gap. 

It is known that in various hybrid populations forms occur that show a considerable 
transgression in regard to winterhardiness (WIENHUES, 5). There are interesting parent 
varieties among the winter barleys from South-east Europe and the U.S.A. In the 
majority of a large number of crosses between. winter and spring varieties, made mainly 
for the purpose of obtaining resistance against various diseases in winter barley, no 
selections could be made that surpassed the winterhardiness of the winter varieties. 
In various crosses this winterhardiness could not be reached. Only in a few crosses with 
spring barley did transgressive segregation in regard to winterhardiness occur. These 
spring barleys are more of less long-day forms, or in other words, they have the nature 
of transitional types. 


Winter wheat 


The West-European winter wheat varieties show definite responses in regard to 
winterhardiness, vernalization requirement and spring development, dependent upon 
the variety. The Scandinavian varieties can be considered the extremes on the one 
side. They are characterized by a great vernalization requirement, a good winter- 
hardiness and they have a pronouncedly long-day character. The winterhardy German 
varieties are very similar to this group. The extremes on the other side are represented 
by many Italian wheat varieties that are very little of slightly winterhardy and more 
of less tolerant to short-day treatment. They have a slight vernalization requirement. 
Many of these varieties which in Italy are used as winter wheat, are very early in the 
Netherlands after spring sowing. The French winter wheat varieties generally show 
a slight to moderate winterhardiness, a moderate to great vernalization requirement, 
especially in consideration of their winterhardiness. They have a less definite long-day 
character as compared to the varieties from the North. Most South-east European and 
American winter wheat varieties are entirely different in their properties. They com- 
bine a slight vernalization requirement with a good winterhardiness and have a faster 
spring development than the West-European strains. 

The diversity of forms in regard to winterhardiness and the complex of the factors 
vernalization requirement and day-length reaction, which are so important for winter- 
hardiness, suggest a complicated inheritance of this characteristic. 


Winterhardiness in the hybrid populations of wheat 

In 1954 and 1956 the winterhardiness of 74 and 139 F‚-generations derived from 
wheat crosses were assessed. Besides intermediate inheritance and dominance it ap- 
peared that winterhardiness was predominant. et 

In older generations of a large number of crosses between French or Italian varieties 
on the one side and German or Swedish varieties on the other side, it turned out that 
the good winterhardiness of the latter group could not be reached. In a large number 
of crosses between spring and winter wheat varieties the following results were obtained. 
In nearly all combinations with spring wheat varieties which more of less have the 
character of transitional forms, genotypes occurred that surpassed the parent varieties 
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in winterhardiness. Among these spring varieties are Peko, Reliance and the Canadian 
numbers 3842, 3843, 3845 and 3847. The early spring wheat varieties which are more 
tolerant to short-day treatment generally appear to be unfavourable parents for 
crossing purposes as concerns winterhardiness. The crosses of a number of West- 
European varieties with various South-east European and American winterhardy 
varieties appeared to be valuable for the creation of winterhardy forms with an early 
spring development. 


WINTERHARDINESS IN THE BREEDING PROGRAMMES OF WHEAT AND BARLEY 


In the literature concerning cold resistance, winterhardiness, the inheritance of the 
winter and spring types and of winterhardiness, often contradictory data are men- 
tioned. From the results of our experiments some of the difficulties may be explained 
by the following facts: 


Ll. The influence of the pre-treatment of the material on the ultimate results has been 
insufficiently accounted for, especially in regard to temperature and day length. 

2. An insufficient distinction has been made between varieties of West-European and 
of South-east European origin. 

3. The material used in the trials has been very restricted in many cases. This has led to 
conclusions that do not hold true in general. 


The two main problems of the outset can be solved or have been partly solved al- 
ready. That is: 


1. It is possible to develop winter wheat varieties with sufficient winterhardiness and 
slight vernalization requirement combined with a rapid spring development. 
II. It is possible to develop varieties of winter barley with a better winterhardiness. 


The opinion that a high degree of vernalization requirement is necessary for the 
retention of good cold resistance is highly questionable, at any rate as far as Western 
Europe is concerned. There are many forms of wheat and barley that are sufficiently 
winterhardy in the vernalized condition. 

It is desirable to pay attention to breeding work in winter barley for sandy soils. A 
breeding programme with such an objective in view seems possible now that it has been 
shown that winterhardiness can be raised considerably. 

Cold resistance appears to be complicated and variable to such a degree, that a clear 
insight can be obtained only when important factors such as vernalization degree, 
stages of growth and development, hardening etc. are taken into account in the 
experiments. 

Sowing time trials in the autumn with additional seed vernalization and lengthening 
of the day are valuable contributions to the research of cold resistance. 


SAMENVATTING 


Veredeling van tarwe en gerst op winterhardheid 


Bij het opstellen van het werkprogramma voor tarwe en gerst van de Stichting 
voor Plantenveredeling werd de factor winterhardheid als een belangrijk onderdeel 
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opgenomen. In 1951 werd een vriesinstallatie aangeschaft om kweekmateriaal met een 
goede kouderesistentie aan de Nederlandse kwekers ter beschikking te kunnen stellen 
en hun jonge lijnen op deze eigenschap te kunnen toetsen. 

Teneinde genoemd doel te bereiken was het nodig een deel van het onderzoek te 
wijden aan de problematiek van de winterhardheid. De gegevens werden bewerkt in 
een proefschrift, waarvan bovenstaand artikel een samenvatting geeft. 
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REVIEWS OF BOOKS 


International symposium “Genetics and plant breeding” in South Asia. New 
Delhi. Indian Journal of Genetics and Plant Breeding 17 (1957): 111-421. Copies 
can be had from the Treasurer, Indian Society of Genetics and Plant Breeding, 
Division of Botany, Indian Agricultural Research Institute, New Delhi 12. Price 
Rs. 25. —. 


This special symposium number contains the inaugural address by B. N. UPPAL; 
the lecture at the inaugural meeting by G. L. STEBBINS on the use of plant breeding 
to increase the world’s food supply and many papers read in the sections plant 
breeding, cytogenetics, genetics, plant introduction or plant physiology. 

This number gives valuable information on the plant breeding work in South Asia. 

G. L. STEBBINS held a lecture on genetics, evolution and plant breeding; Â. Gus- 
TAFSSON on Swedisch mutation work in relation to plant breeding; O. H. FRANKEL 
on the biological system of plant introduction. 

This well-published report is very attractive and useful for plant breeders all over 
the world. 


Polyploidie der Rüben. Beiträge zur Rübenforschung. No. 1. Wissenschaftliche 
Abhandlungen, Akademie-Verlag, Berlin. No. 34, 1958, 68 pp, 14 figs. DM 6.80. 


This number contains the following publications: 

ROSENTHAL, CHRISTINE, A comparison between different methods of colchicine ap- 
plication in beets. 

Fürsre, W., Technical methods suitable to increase the triploid portion in polyploid 
beet varieties. 

FiscHer, H. E., Polyploidizing substances to produce polyploid beets. 

BANDLOW, G., Pollen sterile plants of beets and their importance for polyploidy 
breeding. 


Beet breeders and also others interested in polyploidy breeding will welcome this 
number. 


Sortenversuche mit Zuckerrüben. D.L.G.-Verlag, Frankfurt am Main, Arbeiten 
D.L.G. 49, 1958, 83 pp, 5 figs. DM 5.20. 


Prof. Dr. H. LÜüpECKE and Dr. A. v. Mürrer give a survey of the variety trials 
with sugar beets in the Federal Republic over the years 1953-1956. 

Various varietal characters are conveniently tabulated. 

The variety trials with sugar beets in the Rheinland in the period 1950-1956 are 
discussed by J. HUBER. 
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ABSTRACT 


In this article a survey is given of old and new books on general plant breeding. 
They cover a period of some 60 years. A total of 220 titles has been mentioned. The 
survey has been subdivided in 17 groups according to language; a comment on most 
groups is given. 

An approximately equal number of books has been published in English and in 
German. It can be stated that about half of the total have been published in other 
languages. Most books in German are written by German authors; the majority of 
books in English are of American origin. 

Textbooks supply the needs of instruction on plant breeding and are also popular 
among plant breeders. 


1. INTRODUCTION 


Books on plant breeding have been published in different countries and in different 
languages. Some of them are general reviews (principles of plant breeding), others give 
surveys on the breeding of specific plants (potato breeding, wheat breeding, cotton 
breeding, etc.); some are highly scientific, others again are more or less popular 
treatises. 

Since the second world war the number has increased greatly in a fairly short time 
(DE HAAN, IV). As a result of this the older books are more and more receding into 
the background and a number of them are now only of interest from a historical point 
of view. This fact and the appearance of many new books has induced the writer to 
publish a survey of old and new books dealing with general plant breeding. 


2. THE NEED FOR TEXTBOOKS AND MANUALS IN THE FIELD OF PLANT BREEDING 


The first instruction in plant breeding dates back to the latter part of last century. 
In 1889 K. VON RüMmKER (137, 138) gave his first lectures on plant breeding at Göttin- 
gen. The honour is due to him that he pointed out in speaking and in writing that 
plant breeding should be taught as a separate branch of science. 

FRUWIRTH'S book of 1901 (106) was compiled from the lectures he gave since 1892, 
first at Vienna, later at Hohenheim (Germany). 

L. H. BAmrey taught plant breeding to his classes in horticulture in Cornell Univer- 
sity, Ithaca, U.S.A, and published his Plant-breeding (40) in 1896. 

Textbooks supply the needs of instruction. 
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At the beginning of this century the instruction of plant breeding in many countries 
remained part of the subject field crop husbandry, but in the course of years it has 
become a separate subject in several countries. 

It should be mentioned that in some cases the instruction on the breeding of plants 
and animals was considered one subject. This is understandabie from a genetical 
point of view, but from an agricultural standpoint there are several reasons why 
instruction of subjects covering two entirely different fields of the natural kingdom 
should be separated. It is also notable that DAVENPORT was professor of thremmatol- 
ogy in the University of Illinois, Urbana, U.S.A. The term thremmatology, derived 
from the Greek word thremma, i.e. a thing bred, was proposed by RAY LANCASTER 
to cover the principles and practices concerned in the improvement of domesticated 
animals and plants (53). 

In France Coqumf's book Amélioration des plantes cultivées et du bétail (95) 
appeared in 1920. In England BRUCE and HUNTER (44) published a book on crop and 
stock improvement. In the Netherlands HAGEDOORN (26, 27) was a research worker 
who combined a great knowledge of animal breeding and plant breeding. But research 
workers with a comprehensive view of both plant breeding and animal breeding are 
few and far between. HAGEDOORN wrote two handbooks in English, viz. Animal 
breeding (London 1939, 304 pp., 29 figs.) and Plant breeding (58) so that apparently 
he also considered it more practical to treat plant breeding and animal breeding as 
separate subjects. 


Plant breeding has two important aspects. These have been emphasized by Prof. 
Dr. J. C. Dorsr in taking up his office of professor of plant breeding in the Agricultural 
University at Wageningen (LI). He remarked that the expression plant breeding can 
be used for denoting activities which are intended directly to economic results, viz. 
the development of better varieties, and also for the study of the principles of plant 
breeding and for the means by which it can be furthered directly or indirectly. It 
follows that there is a need for summarizing surveys on the principles and on the 
practice. 

The textbooks and manuals supply the needs of instruction in plant breeding and 
are also popular among breeders. In many countries farmers, nurserymen and all 
those concerned with the multiplication of agricultural, horticultural and sylvicultural 
crops are interested in the way in which new varieties are raised. This also holds for 
geneticists, phytopathologists and other research workers engaged in fields associated 
with plant breeding. 

Many textbooks treat plant breeding as a general subject, but there is a tendency of 
late to write separate books on the breeding of horticultural and of tree crops or on 
smaller groups (cereals, fodder crops, pulses, etc.). 

There is not only a need for textbooks on plant breeding in university circles, but 
also for secondary agricultural schools. That many persons on account of their 
profession or for other reasons are interested in plant breeding appears from the fact 
that in a small country as the Netherlands the books of HAGEDOORN (26, 27), VAN 
RErs (28, 29), WELLENSIEK (32) and BANGA (24, 25) were warmly welcomed and that 
each of these books had a good market and filled the needs of certain groups. 
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3. BOOKS DEALING WITH GENERAL PLANT BREEDING 


In order to make the article not too long an attempt will be made to mention only 
books on general plant breeding. Some symposia are also included. Later a survey may 
be published on books and monographs dealing with the breeding of specific crops. 

In the first place an investigation was made of the store of the Institute and Founda- 
tion of Agricultural Plant Breeding at Wageningen (pr HAAN, II). Then the book 
reviews of Plant Breeding Abstracts were used as a source and the draft list thus 
obtained was sent to some colleagues in the Netherlands and a number of other 
countries for supplementation. From the data collected in this way the list in this 
article was compiled. 

Undoubtedly this survey of references is still incomplete. The writer would therefore 
greatly appreciate if additions could be made. It is intended to publish the additions 
in Euphytica 8 (1959) together with the newly appeared books on plant breeding. 

The survey has been subdivided according to language of publication : 


page page 
zel KE ine EN TEEN Ee 199 GEREED RE ter E  Ere 214 
BERGSE NE in 2001 _RAAPARESe Ln ae 215210 
Sk Daddel niksen Meint 201 ER NOMWerian verm nee 216 
ODE RE ee es 201 MENENS Ee 4E ee 216 
EERS eter Wree tenen 203 INGSROSSIAN et te CARA stand 216 
ECN Erne kaar IEN os 209 OLS PARIS ante a re 217 
BENSELMAR t-t Per aavara raar chan 210 De ECS Heen Serrana 218 
BEE GLEC NE Mkesn nina!te daringd des he 214 Ome LHBOSLAVLEN, verb ONE 219 
RABAT sr ennen 214 

À. (IN CHINESE) 

1. Hen, Car-MING, (Plant breeding). Chekiang. 1946, 921 pp, 153 figs. 
2. Lee, HsuEH-YUNG, (Horticultural plant breeding). Taiwan. 1957, 371 pp. 62 figs. 
3. SHEN, HSUEH-NIEN, (General plant breeding). Chekiang. 1948, 458 pp. 62 figs. 
4. TANG, WEN-TONG, (Methods of plant breeding). Taiwan. 1956, 740 pp., 38 figs. 
5. WANG, SHEO, (Chinese plant breeding). Shanghai. 1936, 240 pp., 19 figs. 


Chinese plant breeding, the first book written in Chinese in this field, composed by 
S. WANG (5) and published in 1936, was a rather simple textbook, in which only two 
chapters were given to deal briefly with the principles of plant breeding. 

In 1946 C. M. Her (1), Professor and head of the Agronomy Department of 
Nanking University, wrote his Plant breeding, including methods of breeding in a 
great number of crops. 

Later H. N. SHEN (3) of Chekiang University, published an excellent textbook, 
General plant breeding (1948), which, without discussing the breeding methods of 
individual crops, gives the reader a clear idea of the principles of plant breeding. 

Recently two books have appeared: Methods of plant breeding (two volumes) by 
W. T. TANG (1956) and Horticultural plant breeding by H. Y. Lee (1957). Lee’s book 
(2) discussing very little of principles, provides a general survey of the breeding of 
individual horticultural plants, especially of vegetables. 
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Fig. 1. WEN-TONG TANG (4), PROFESSOR, 
NATIONAL TAIWAN UNIV., TAIPEI, CHINA 


W. T. TANG (Fig. 1), Professor of Natio- 
nal Taiwan University since 1948, describes 
in volume I of his excellent textbook (4) 
the development of plant breeding, and 
discusses in detail the principles and appli- 
cations of genetics in plant breeding. 
Volume II deals with the methods of bree- 
ding used in some important crops and 
the more advanced principles of plant 
breeding developed recently. 


B. (IN CZECH) 


‚ BROZEK, A., Nauka o dêdiënosti (Heredity). Praha. 1930, 218 pp., 76 figs. 
. Dussky, V., Uslechtování rostlin (Plant breeding). Praha. 1952, 201 pp. 
. Hrugy, K., Tvoïíme s piírodou (Creating hand in hand with Nature). Praha. 1946, 511 pp., 150 


figs. 


. HRUSKA, L., Sovètské metody Slechténí hospodátskych plodin (Soviet methods of breeding 


agricultural plants). Praha. 1951, 88 pp. 

IVANov, A. P. and Srsov, I. A., Slechtèní a semenátství polních plodin (Breeding and seed produc- 
tion of field crops). Praha. 1953, 461 pp., 127 figs. (Translated from the Russian). 

JABLOKOv, A. S., Slechtëní dievin se základy lesního semenáïství: Cást 1. Genetica (The breeding 
of forest trees and the principles of forest seed production). Praha. 1954, 197 pp. (Translated from 
the Russian). 


„ Jurrev, V. J., ef al, Vseobecné Slachtitelstvo a semenárstvo polnych plodin (General breeding and 


seed growing of field crops). Bratislava. 1953, 523 pp., 170 figs. (Translated from Russian into 
Slovak). 


„ KoëNar, K., Nástin zuslechtování zemèdëlskych plodin (4 treatise on agricultural plant breeding). 


Praha. 1946, 224 pp, 88 figs. 


. LinpqQussr, B., (Genetics in Swedish forestry practice). Bratislava. 1958. (Translated from the 


Swedish; in press). 


. MACHOVNÍK, J., Zuslechtování rostlin dle praktickych zkuseností (Practical plant breeding). 


Praha. 1920, 56 pp. 


‚ Porová, G. M., Speciální Slechténí polních plodin (Practical manual on field crop breeding and 


seed growing). Praha. 1953, 432 pp., 105 figs. (Translated from the Russian). 


„ Rop, J., Obecné Slechtëní a semenáïství (Practical plant breeding and seed growing). Praha. 1956, 


256 pp., 108 figs. Mimeographed. 


. STEHLÍK, V., (Plant breeding and seed growing). (Special plant breeding. II. Breeding of agricultural 


crops). Praha. To be published in 1959, + 750 pp. Vol. I (General plant breeding) and Vol. II 
(Seed production) are being prepared. 


. TurBIN, N. V., Genetika a základy selekce (Genetics and the fundamentals of plant breeding). 


Praha. 1952, 312 pp., 82 figs. (Translated from the Russian). 


BOOKS DEALING WITH GENERAL PLANT BREEDING 


Fie. 2. C. SYRACH LARSEN (68), NATIONAL ARBO- 
RETUM, HORSHOLM, DENMARK 


C. (IN DANISH) 


20. JOHANNSEN, W., Arvelighedslaerens elementer 
(Elements of genetics). Copenhagen. 1905, 253 
pp. 32 figs. 

21. PEDERSEN, AXEL Landbrugets Plantekultur 
(Agricultural plant culture). 1 2nd ed. Copen- 
hagen. 1948, 344 pp., 75 figs. 

22. WESTERGAARD, M., Arvelighedslaeren (Gene- 
tics). Copenhagen. 1953, 332 pp., 160 figs. 

23. Wince, Q., Arvelighedslaeren (Genetics). 
Copenhagen. 1945, 489 pp, 169 figs. 


In the Danish language there are few 
books on plant breeding. JOHANNSEN’S 
Arvelighedslaerens elementer (Elements of 
genetics) (20) and specially the translation 
in the german language (112, 113) is known 
all over the world. 

In 1945 appeared WINGe’s textbook on genetics (23) and in 1953 a textbook on 
genetics by WESTERGAARD (22). 

The first part of PEDERSEN'’s textbook (21) covers plant breeding and allied subjects. 
A new revised edition is planned. 

SYRACH LARSEN (Fig. 2) published his excellent book on genetics in silviculture in 
the English language (68). 


D. (IN DurcH) 


24. BANGA, O., Veredeling van tuinbouwgewassen (Breeding of horticultural crops). Zwolle. 1944, 
211 pp, 33 figs. 

25. BANGA, O., Inleiding tot de plantenveredeling, speciaal van tuinbouwgewassen (Introduction into 
plant breeding, in particular of horticultural crops). Zwolle. 1953, 635 pp., 179 figs. 

26. HAGEDOORN, A. L., Oordeelkundige zaadteelt en fokkerij (Judicious seed production and animal 
breeding). Middelharnis. 1912, 95 pp. 

27. HAGEDOORN, A. L., Handboek voor fokkerij en plantenteelt voor Nederland en Koloniën 
(Animal and plant improvement). Maastricht. 1927, 172 pp. 1 fig. 

28. Rees, H. VAN, Veredelingsleer (Algemeen gedeelte en landbouwgewassen) (Plan: breeding. General 
part and field crops). Zwolle. 1943, 104 pp, 18 figs. 

29. Rees, H. vAN, Veredelingsleer (Plant breeding). 2nd ed. revised by H. T. WiERSEMA. Zwolle. 1949, 
110 pp., 18 figs. 

30. SrmeLTJEs, D., Veredelingsleer (Plant breeding). Zwolle. 1927, 75 pp., 20 figs. (2nd ed. 1934, 
96 pp., 24 figs). 

31. Vries, H. pe, Het veredelen van kultuurplanten (Plant breeding, translated from the American 
edition by P. G. BUEKERS). Haarlem. 1908, 350 pp., 114 figs. 

32. WELLENSIEK, S. J., Grondslagen der algemeene plantenveredeling (Principles of general plant 
breeding). Haarlem. 1943, 492 pp, 78 figs. (2nd ed. 1947, 541 pp, 90 figs.). 

33. WELLENSIEK, S. J. en DOORENBOS, J., Grondslagen der tuinbouwplantenteelt. (Principles of 
horticulture). Haarlem. 1956, 229 pp, 63 figs. 
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A Dutch translation of the book Plant breeding, Comments on the experiments of 
NILSSON and BURBANK, written by HUGO DE VRIES (86, Fig. 4), appeared in 1908 (31). 

In 1912 A. L. HAGEDOORN (Fig. 3) composed a booklet on plant breeding and 
animal breeding (26) which was considerably extended in a second edition (27). Later 
HAGEDOORN published a handbook on plant breeding in English (58). 

In order to fill a need for a lesson book for secondary schools, STIELTJES (30) wrote 
a book of modest size in 1927. The second edition appeared in 1934. In 1943 this 
was replaced by the excellent booklet Veredelingsleer (Plant breeding), written by 
H. VAN REES (28). After VAN REES’ death the second impression was revised by H. T. 
WIERSEMA (29). 

In 1943 S. J. WELLENSIEK (Fig. 5) published an excellent book on general plant 
breeding (32) in which the principles of breeding for all cultivated plants were arranged 
into a new system. A second edition of this textbook appeared in 1947. 

In 1944 O. BANGA (24, Fig. 6) published his Veredeling van Tuinbouwgewassen 
(Breeding of horticultural crops). The second edition which appeared in 1953 has been 
extended into a handbook op plant breeding, in particular of horticultural crops (25). 

A book on the principles of horticulture (including breeding of horticultural crops) 
by S. J. WELLENSIEK and J. DOORENBOS (33) appeared in 1956. 

Considering the difference in area covered by the respective languages and the 
countries where they are spoken it can be established that the Netherlands do not make 
a bad impression. This is all the more worth mentioning because Dutch geneticists and 
plant breeders frequently use books in other languages. That there is all the same a 
market for the books published in Dutch is largely due to the interest shown by seed 
growers and farmers practising clonal selection in the Netherlands, for the way in which 
new varieties are raised. 


E. (IN ENGLISH) 


34. ÄKERMAN, Á., ef al., Swedish contributions to the development of plant breeding. Stockholm. 
1938, 111 pp., 58 figs. 

35. ÁKERMAN, Â. ef al., Svalöf 1886-1946. History and present problems. Lund. 1948, 389 pp, 
79 figs. 

36. ANDERSON, E., Introgressive hybridization. New York and London. 1949, 109 pp., 23 figs. 

37. ANDERSON, M. L., The selection of tree species. Edinburgh and London. 1950, 151 pp., 21 figs. 

38. BABCOCK, E. B. and CLAUSEN, R. E., Genetics in relation to agriculture. New York. 1918, 676 
pp. 239 figs., 4 pl. (2nd ed. 1927, 674 pp, 203 figs, 4 pl.). 

39, BameyY, L. H., Cross-breeding and hybridizing. New York. 1892, 44 pp. 

40. Bamrey, L. H., Plant breeding. Being five lectures upon the amelioration of domestic plants. New 
York. 1896, 293 pp., 20 figs., (2nd ed. 1902, 3d ed. 1904). 

41. BAmrey, L. H., Plant-breeding. Being six lectures upon the amelioration of domestic plants. 4th 
ed. New York. 1906, 483 pp. 

42. BaiLeY, L. H., Plant-breeding. New edition revised by A. W. GirBERT. New York. 1915, 474 pp., 
104 figs. (revised 1922, 474 pp., 113 figs.). 

43. BEATY, J. Y., Plant breeding for everyone; how to find and develop new plant varieties. Boston 
and London. 1954, 102 pp. 

44, BRUCE, A. N. and HUNTER, H., Crop and stock improvement. London. 1926, 120 pp. 

45. CHANDRASEKHARAN, S. N. and PARTHASARATHY, S. V., Cytogenetics and plant breeding. Madras. 
1948, 589 pp., 156 figs. (2nd ed. 1953, 511 pp, 7 pl.). 

46. Courrer, J. M., Fundamentals of plant-breeding. New York and Chicago. 1914, 347 pp., 109 
figs. (2nd ed. 1920, 347 pp., 109 figs). 
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‚ CRANE, M. B. and LAWRENCE, W. J. C., The genetics of garden plants. London. 1934, 236 pp., 


53 figs. (2nd ed. 1938, 287 pp., 62 figs.; 3rd ed. 1947, 299 pp, 67 figs.; 4th ed. 1952, 301 pp., 
67 figs.). 


‚ CURRENCE, T. M., Vegetable crops breeding (Teaching Manual). St. Paul. 1954, 272 pp. 
„ DARLINGTON, C. D., Chromosomes and plant-breeding. London, 1932, 112 pp., 25 figs. 
. DARLINGTON, C. D. and JANAKI AMMAL, E. K., Chromosome atlas of cultivated plants. London. 


1945, 397 pp. 


. DARLINGTON, C. D. and MATHER, K., The elements of genetics. London. 1949, 446 pp., 88 figs. 
. DARLINGTON, C. D. and Wyue, A. P., Chromosome atlas of flowering plants. London. 1955, 


519 pp. 


. DAVENPORT, E., Principles of breeding. (A treatise on thremmatology or the principles and 


practices involved in the economic improvement of domesticated animals and plants. Boston and 
New York. 1907, 727 pp., 52 figs. 


. East, E. M. and Jones, D. F., Inbreeding and outbreeding. Their genetic and sociological signi- 


ficance. Philadelphia and London. 1919, 285 pp., 46 figs. 


. Eruorr, F. C., Plant breeding and cytogenetics. New York and London. 1958, 375 pp. (In press). 
. Genetics in plant breeding. Report of Symposium. Brookhaven Symposia in Biology 9 (1956), 


236 pp. 


. GOWEN, J. W., ef al., Heterosis. Iowa State College Press. 1952, 552 pp, 81 figs. 
„ HAGEDOORN, A. L., Plant breeding. London. 1950, 237 pp, 10 figs, 4 pl. 
. HANSON, A. A. and CARNAHAN, H. L., Breeding perennial forage grasses. Washington. U.S.D.A. 


Techn. Bulletin 1145, 1956, 116 pp. 


„ HARRINGTON, J. B., Cereal breeding procedures. F.A.O. Development Paper 28. Agriculture. 


Rome. 1952, 122 pp. 


‚ HASKELL, G., Plant breeders of the future. London. 1950, 34 pp. 
‚ Hayes, H. K. and GARBER, R. J., Breeding crop plants. New York and London. 1921, 328 pp, 


66 figs. (2nd ed. 1927, 438 pp, 71 figs). 


. Hayes, H. K. and IMMER, F. R., Methods of plant breeding. New York and London. 1942, 432 


pp. 37 figs. 


‚ Hayes, H. K., IMMER, F. R. and SMmrrH, D. C., Methods of plant breeding. 2nd ed, New York, 


London and Toronto. 1955, 551 pp, 62 figs. 


‚ Howarp, W. L., LUTHER BURBANK. A victim of hero worship. Chronica Botanica 9 No 5-6, 


1945/1946, p. 299-506, 11 figs. 


. HUNTER, H. and LEAKE, H. M., Recent advances in agricultural plant breeding. London. 1933, 


361 pp., 16 pl. 


. Jones, D. F., Genetics in plant and animal improvement. New York and London. 1925, 568 pp., 


229 figs. 


„ LARSEN, C. SyYRACH, Genetics in silviculture. (Manuscript translated by M. L. ANDERSON). 


Edinburgh and London. 1956, 224 pp., 70 figs. 


„ LAWRENCE, W. J. C., Practical plant breeding. London. 1937, 155 pp., 34 figs. (2nd ed. in 1939, 


1942, 1945; 3rd ed. 1951, 166 pp., 34 figs.). 


„ Linpqussr, B., Genetics in Swedish forestry practice. Stockholm. 1948, 174 pp, 65 figs. 

. MENDIOLA, N. B., A manual of plant breeding for the tropics. Manilla. 1926, 365 pp. 

‚ NEWMANN, L. H., Plant breeding in Scandinavia. Ottawa. 1912, 193 pp., 63 figs. 

‚ PAINTER, R. H., Insect resistance in crop plants. New York. 1951, 520 pp., 67 figs. (Also available 


in Russian). 


‚ Poore, C. F., Vegetable breeding. Univ. of California Press. 1937, 71 pp. 
‚ Rrcrens, R. H., Forest tree breeding and genetics. Oxford. Joint Publ. Imp. Agric. Bur. 8, 1945, 


79 pp. 


„ RICHHARIA, R. H., Plant breeding technique in recent years. (Lectures delivered at the Agricultural 


Research Institute, Nagpur). Bangalore City. 1939, 73 pp., 16 figs. 


. RICHHARIA, R. H., Plant breeding and genetics in India. Patna. 1945, 403 pp. 
„ RICHHARIA, R. H., Plant breeding and genetics in India. (Vol. ID), Patna. 1957, 410 pp., 23 pl. 
„ RoBERrTs, E. and DAVENPORT, E., Plant and animal improvement. Boston and New York. 1925, 


174 pp., 102 figs, 4 pl. 
RogBerts, H. F., Plant hybridization before MENDEL. Princeton. 1929, 374 pp, 48 figs. 
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81. Symposium on the origin and distribution of cultivated plants in South Asia. Published by the 
Indian Society of Genetics and Plant Breeding, New Delhi. 1951, 125 pp, 3 pl. 

82. International symposium on genetics and plant breeding in South Asia. Published by the Indian 
Society of Genetics and Plant Breeding, New Delhi. The Indian Journal of Genetics and Plant 
breeding 17 (1957): 111-421 pp., 12 pl. 

83. THOMAS, D. G., Simple practical hybridizing for beginners. London. 1957, 127 pp. 

84. THOMAS, M., Back crossing. Commonwealth Bureau of Plant Breeding and Genetics, Cambridge. 
Techn. Comm. 16, 1952, 136 pp. 

85. VAVILOv, N. L., The origin, variation, immunity and breeding of cultivated plants (Translated 
from the Russian by K. STARR CHESTER). Chronica Botanica 13, no 1-6, 1949-1950, 364 pp., 
37 figs. 

86. Vries, H. pe, Plant breeding. Comments on the experiments of NILSSON and BURBANK. Chicago. 
1907, 360 pp., 114 figs. 

87. Yearbook of Agriculture. Washington. 1936 (1189 pp.), 1937 (1487 pp.). 


Plant breeding (40) published in 1896 by L. H. Bairey (Fig. 13), Professor at Cornell 
University, Ithaca, had its beginning in a lecture on Dec. 1, 1891, on Cross-breeding 
and hybridizing (39). Plant breeding was translated into French (88). New editions of 
BAILEY’s book appeared in 1902, 1904 and 1906 (41). The last mentioned edition was 
translated into Japanese (161). Plant breeding was revised in 1915 in co-operation with 
A. W. GILBERT, Professor of plant breeding, Cornell University, Ithaca (42). A new 
edition was published in 1922. 

In the meantime, in 1921, a book was written by HAYrs (Fig. 8) and GARBER (Fig. 7), 
called Breeding crop plants (62). This was one of the first books that really utilized 
MENDEL’s laws in developing plant breeding principles. H. K. HAYES was Professor of — 
plant breeding, University of Minnesota, St. Paul, where previously R. J. GARBER was 
an assistant professor of plant breeding. In 1927 the second edition appeared and it is 
this book which has been used freely in the composition of the excellent handbook 
Methods of plant breeding (63) which was published in 1942 by H. K. HAYES and 
F. R. IMMER (Fig. 9, Professor of agronomy and plant genetics, University of Minne- 
sota, St. Paul). After the death of F. R. IMMER (1946) the second edition was completely 
revised and published under the names of HAYES, TIMMER and SMITH (Fig. 10, Pro- 
fessor of agronomy, University of Wisconsin, Madison) in 1955 (64). 


The majority of other books on general plant breeding published in English were 
written in the U.S.A, many in England and some in India. One book on plant breeding 
was published in Scotland and two in Canada. 

The books of DAVENPORT (53), BABCOCK and CLAUSEN (38), ROBERTS and DAVEN- 
PORT (79) and Jones (67) dealt with plant breeding and animal breeding. COULTER (46) 
in particular wrote for the public at large to give information concerning the progress 
in plant breeding. Poore (74) and CURRENCE (48) confined themselves to the breeding 
of horticultural crops, while HANSON and CARNAHAN (59) wrote about the breeding 
of perennial forage grasses. EAST and JONES (54) published their Inbreeding and 
outbreeding in 1919. RoBerts’ Plant hybridization before MENDEL appeared in 1929 
(80). ANDERSON published his Zntrogressive hybridization in 1949 (36). BEATY’s Plant 
breeding for everyone appeared in 1954 (43). Eruort’s Plant breeding and cytogenetics 
(55) will appear soon. 

The Yearbooks of Agriculture 1936 and 1937 (87) are now still a rich source. Prof. 
HAYES called my attention to the recent up-to-date information regarding the breeding 
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of different crop plants either in Advances in Genetics or in Advances in Agronomy. To 
a considerable extent these special papers supplement the Yearbooks of Agriculture 
previously mentioned. 

The books by PAINTER (73) on insect resistance in crop plants, Heterosis (57) and 
the Brookhaven Symposium Genetics and plant breeding (56) were well received. 
HOWARD (65) published in 1945/46 his bibliography of LUTHER BURBANK. 


Recent advances in agricultural plant breeding published in 1933 by HUNTER 
(Fig. 12) and LeEAKE (Fig. 11) has attracted much attention (66). In this excellent 
book LEAKE dealt more particularly with tropical and subtropical plants. Further 
books of English origin are written by BRUCE and HUNTER (44) on crop and stock 
improvement, LAWRENCE (Fig. 14) on breeding horticultural crops (69) and RrcHenNs 
(75) on forest tree breeding and genetics, while HASKELL in 1950 published his booklet 
(61). MARY THOMAS (84) published in 1952 her book on Back crossing. 

Four editions have appeared of Genetics of garden plants by CRANE and LAWRENCE 
(47). DARLINGTON (49) published a book on chromosomes and plant breeding and in 
co-operation with JANAKI AMMAL and WYreY, respectively, the chromosome atlasses 
(50, 52). In co-operation with MATHER he published a book on genetics (51). 

ANDERSON (37) wrote a book on selection of tree species, THOMAS has given in- 
formation for beginners in hybridization (83). 


CHANDRASEKHARAN and PARTHASARATHY (45), RICHHARIA (76, 77, 78, Fig. 15) 
and the symposia on the origin and distribution of cultivated plants in South Asia (81) 
and on genetics and plant breeding in South 
Asia (82) paid much attention to the im- 
provement of crops important in India. 
MENDIOLA’s manual of plant breeding for 
the tropics (11) appeared in 1926. 


In Canada NEWMAN's review (72) on 
plant breeding in Scandinavia appeared in 
1912, while HARRINGTON (60) treated the 
cereal breeding procedures in 1952. 


Of the books written in English by Dutch 
authors T mention those by HUGO DE VRIES 
(86) and HAGEDOORN (58). Of Swedish 
origin are Swedish contributions to the 
development of plant breeding (34), Svalöf 
1886-1946 (35) and LiNpQuisT’s Genetics in 
Swedish forestry practice (170). Of Danish 
origin is SYRACH LARSEN's Genetics in 
silviculture (68). The Russian book The 
origin, variation, immunity and breeding of 
cultivated plants by VAvirLOv, translated 


Fi. 15, R. H. RICHHARIA (76, 77, 78), PRIN- - 
CIPAL, BIHAR AGRIC. COLLEGE, SABOUR from Russian by K. S. CHESTER, has drawn 


P.O., BHAGALPUR, INDIA great attention (85). 
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F. (IN FRENCH) 


88. Barey, L. H., La production des plantes (translated by J. M. and E. HARRACA). Paris. 1901, 
273 pp. 


89. BLARINGHEM, L., Le perfectionnement des plantes. Paris. 1913, 192 pp, 30 figs. 


90. Boeur, F. flänents de biologie et de génétique appliqués à l'amélioration des plantes cultivées. 
Tunis. 1927, 273 pp. 


91. Boeur, F., Les bases scientifiques de l'amélioration des plantes. Encyclopédie Biologique 13. 
Paris. 1936, 543 pp., 51 figs. 

92. CANDOLLE, ALPH. DE, Origine des plantes cultivées. Paris. 1883, 379 pp. 

93. CHALAUD, G., La sélection végétale. Paris. 1946, 128 pp, 9 figs. (2nd ed. 1951, 128 pp. 9 figs). 

94. CHOUARD, P. Éléments de génétique et d'amélioration des plantes. T. Les méchanismes de 
Fhérédité élémentaire ou factorielle. Paris. 1951, 114 pp, 15 figs, 3 pl. (Volumes 2 and 3 are in 
course of preparation). 

95. CoQumpé, E., Amélioration des plantes cultivées et du bétail (Application de la génétique à la 
sélection des races et à la production des variétés nouvelles en agriculture et en horticulture). 
Paris. 1920, 607 pp., 119 figs. 

96. Guyor, A. L., Origine des plantes cultivées. Paris. 1942, 127 pp. 

97. KUHNHOLTZ-LORDAT, G., Précis de phytogénétique. Paris. 1952, 390 pp., 70 figs. 

98. LATHOUWERS, V., Manuel de l'amélioration des plantes de la grande culture. Méthodes, bases 
scientifiques, he Gembloux and Paris. 1924, 240 pp., 47 figs. 

99. LATHOUWERS, V., Manuel de Pamélioration des plantes cultivées (Plantes agricoles, horticoles 
et coloniales). 2nd ed. Tome I: L’'amélioration générale. Gembloux and Paris. 1929, 216 pp., 
53 figs. 

100. PAPADAKIS, J. S., Ecologie agricole. Gembloux and Paris. 1938, 312 pp., 154 figs. 


De CANDOLLE’s textbook on the origin of cultivated plants dates from 1883 (92). 
The same subject was treated by Guyor (96) in 1942. 

In general it can be said that in France only few books on general plant breeding 
have been published. In 1901 a translation of Barrey’s Plant Breeding (88) appeared. 
In 1913 BLARINGHEM published an attractive booklet on Le perfectionnement des 
plantes (89), while a book by CoQumé (95) treated the breeding of plants and animals. 

In 1946 CHALAUD (93) published his La sélection végétale, while in 1951 volume 1 
of Eléments de génétique et d'amélioration des plantes by CHOUARD (94) and in 1952 
Précis de phytogénétique by KUHNHOLTZ-LORDAT (97) appeared. 


In 1927 Boeur (90) wrote a textbook for students of the “Ecole coloniale d’Agri- 
culture de Tunis”. In 1936 followed his book on general plant breeding (91) while he 
devoted a large part of the book Objectifs de la recherche agronomique, Méthode 
d’expérimentation (Paris, Vol. 1, 1948, 490 pp.) to plant breeding. He wrote this book 
in collaboration with A. VESSEREAU. 


In Belgium appeared LATHOUWERS’ Manuel de l'amélioration des plantes de la 
grande culture (98) in 1924. In 1929 a new edition was published (99). 


PAPADAKIS paid attention to many plant breeding problems in his Ecologie agricole 
(100). 
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G. (IN GERMAN) 


BAUR, E., Die wissenschaftlichen Grundlagen der Pflanzenzüchtung, ein Lehrbuch für Land- 
wirte, Gärtner und Forstleute. Ist and 2nd ed. Berlin. 1921, 115 pp., 11 figs., 6p. aen ed. 
1924, 108 pp., 11 figs., 6 pl.). 

BECKER, J., Grundlagen und Technik der gärtnerischen Pflanzenzüchtung. Berlin. 1922, 400 pp. 
149 figs, 17 pl. 

BÖTTNER, J., Wie züchte ich Neuheiten und edle Rassen von Gartenpflanzen? Frankfurt a/O., 
1909, 556 pp., 342 figs. 

Dix, W., Praktische Pflanzenzucht auf theoretischer Grundlage. Neudamm. 1931, 251 pp. 
31 figs. 

FRIMMEL, FR., Die Praxis der Pflanzenzüchtung. Berlin. 1951, 159 pp., 13 figs. 

FRUWIRTH, C., Die Züchtung der landwirtschaftlichen Kulturpflanzen. Berlin. 1901, 270 pp. 


(Vol: 1): 
FRUWIRTH, C., Die Züchtung der landwirtschaftlichen Kulturpflanzen. Berlin. 
Edition Vol. 1 Vol. 2 Vol. 3 Vol. 4 Vol. 5 

1 1901 (270) 1904 (203) 1906 (201) 1907 (380) 1912 (184) 
2 1905 (345) 1909 (228) 1910 (223) 1910 (460) 1923 (272) 
3 1909 (335) 1918 (262) 1919 (240) 1918 (504) 
4 1914 (442) 1922 (274) 1922 (227) 1923 (483) 
5 1920 (442) 1924 (255) 1924 (245) 
6 1922 (443) 
di 1930 (478) (between brackets the number of pages) 


FRUWIRTH, C. und ROEMER, TH., Einführung in die landwirtschaftliche Pflanzenzüchtung. Berlin. 

1921, 150 pp., 27 figs., 4 pl. 

HEINIsCH, O., Pflanzenzüchtung. Lehrbriefe für das Fernstudium Landwirtschaftlich-Gärt- 

nerische Fakultät, Karl-Marx-Universität Leipzig. 1957. Vol. 1 80 pp., 25 figs.; Vol. 2 89 pp, 

14 figs.; Vol. 3 66 pp., 9 figs. ; Vol. 4 1. Teil 27 pp. 2 figs. 

HorperLeISz, P., Landwirtschaftliche Pflanzenzüchtung. Hannover. Bibliothek der gesamten 

Landwirtschaft 24, 1908, 201 pp., 21 figs. 

HorperLeISz, P., Landwirtschaftliche Pflanzenzüchtung. (ln Handbuch der gesamten Land- 

wirtschaft von K. STEINBRÜCK, p. 425-569). 3rd ed. 1921, 145 pp., 21 figs. 

JOHANNSEN, W., Elemente der exakten Erblichkeitslehre. Jena. 1909, 516 pp., 31 figs. 

JOHANNSEN, W., Elemente der exakten Erblichkeitslehre. Mit Grundzügen der biologischen 

Variationsstatistik. Jena. 1913, 724 pp., 33 figs. (3rd ed. 1926, 736 pp, 21 figs). 

KaPPeRT, H., Grundrisz der gärtnerischen Pflanzenzüchtung. Berlin. 1934, 148 pp., 29 figs. 

KaAPPERT, H., Die vererbungswissenschaftlichen Grundlagen der Pflanzenzüchtung. Berlin und 

Hamburg. 1948, 244 pp., 79 figs. 

KAPPERT, H., Die vererbungswissenschaftlichen Grundlagen der Züchtung. 2nd ed. Berlin und 

Hamburg. 1953, 343 pp., 100 figs. 

KaPPERT, H. und Ruporr, W., Handbuch der Pflanzenzüchtung. 2nd ed. Berlin und Hamburg. 

6 volumes. The first numbers of this manual of plant breeding appeared in 1955 ‚(The first 

edition was edited by TH. ROEMER and W. RUDORF). 

Vol. 1: Principles of plant breeding. 

Vol. 2: Breeding of grain crops. 

Vol. 3: Breeding of bulbous and root crops. 

Vol. 4: Breeding of fodder crops. 

Vol. 5: Breeding of special crop plants (oleaginous, albuminous, and fibre plants, spices and 
drugs). 

Vol. 6: Breeding of fruits, vegetables, viny and forest tree plants. 

Korerz, L. M., Grundbegriffe der Pflanzenzüchtung. Wien. 1952, 56 pp., 24 figs. 

Kuckuck, H., Von der Wildpflanze zur Kulturpflanze. Die Bedeutung der natürlichen und 

künstlichen Zuchtwahl für die Entstehung neuer Kulturpflanzen. Berlin. 1934, 68 pp, 16 figs. 

Kuckuck, H., Pflanzenzüchtung. Berlin. Sammlung Göschen 1134, 1939, 125 pp., 12 figs. 

Kuckuck, H. und Mupra, A., Lehrbuch der allgemeinen Pflanzenzüchtung. Stuttgart. 1950, 

280 pp., 57 figs. 


Fro. 16. W. Ruporr (117, 136), PROFESSOR, Fro. 17, TH. ROEMER (108, 134, 135, 136). 
DIRECTOR MAX-PLANCK-INSTITUT FÜR f 1951 
ZÜCHTUNGSFORSCHUNG, KÖLN/VOGEL- 
SANG, GERMANY 
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Fig. 18. H. KAPPERT (114, 115, 116, 119), Fie. 19. C. FRUwIRTH (106, 107, 108). tf 1931 
PROFESSOR, UNIV. OF MÜNSTER, 
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122. Kuckuck, H., Entwicklung und Probleme neuzeitlicher Pflanzenzüchtung. Mendel oder 
Lyssenko. Berlin. 1951, 75 pp, 2 figs. 

123. Kuckuck, H., Pflanzenzüchtung. I. Grundzüge der Pflanzenzüchtung. 3rd ed. Berlin. Sammlung 
Göschen 1134, 1952, 132 pp, 22 figs. 

124. Kuckuck, H., Pflanzenzüchtung. II. Spezielle gartenbauliche Züchtung von Gemüse, Obst und 
Blumen. Berlin. Sammlung Göschen 1178/1178a. 1957, 178 pp., 26 figs. 

125. Kurru, H., Vom Wildgewächs zur Kulturpflanzensorte. Wittenberg Lutherstadt. 1957, 142 pp, 
65 figs. 

126. LANG, H., Theorie und Praxis der Pflanzenzüchtung. Stuttgart. 1910, 169 pp., 47 figs. 

127. LANG, H., Theorie und Praxis der Pflanzenzüchtung. Ein Leitfaden für praktische Landwirte und 
Studierende. 2nd ed. revised by J. WACKER). Stuttgart. 1923, 173 pp., 53 figs. 

128. LAWRENCE, W. J. C., Praktische Pflanzenzüchtung. (Herausgegeben von M. ScHMIpr). Berlin. 
1949, 131 pp., 34 figs. 

129. Linpqussr, B., Forstgenetik in der schwedischen Waldbaupraxis. Radebeul. 1951, 168 pp., 
65 figs. (2nd ed. 1954, 156 pp., 67 figs.). 

130. LÖBNER, M., Leitfaden für gärtnerische Pflanzenzüchtung. Jena. 1909, 160 pp, 10 figs. 

131. Moderne Methoden der Pflanzenzüchtung. Frankfurt am Main. Arbeiten D.L.G. 44, 1957, 
132 pp. 

132. Müncn, E., Beiträge zur Forstpflanzenzüchtung. München. 1949, 118 pp., 64 figs. 

133. ReiNÖHL, FR, Pflanzenzüchtung. Oehringen. 1935, 112 pp. (2nd ed. 1939, 200 pp, 125 figs. 4 pl.). 

134. ROEMER, TH., Mendelismus und Bastardzüchtung der landwirtschaftlichen Kulturpflanzen. 
Berlin. Arbeiten D.L.G. 266, 1914, 102 pp, 4 figs. 1 pl. 

135. ROEMER, TH., FucHs, W. H. und IsSENBECK, K., Die Züchtung resistenter Rassen der Kultur- 
pflanzen. Berlin, Kühn-Archiv 45, 1938, 427 pp., 41 figs., 2 pl. 

136. ROEMER, TH. und Ruporr, W., Handbuch der Pflanzenzüchtung. Berlin und Hamburg. Vol. 1, 
1941, 610 pp., 106 figs.; Vol. 2, 1950, 529 pp., 116 figs. ; Vol. 3, 1943, 482 pp., 159 figs. ; Vol. 4, 
1944, 416 pp, 75 figs. ; Vol. 5, 1950, 508 pp., 173 figs. 

137. RüMker, K., Anleitung zur Getreidezüchtung auf wissenschaftlicher und praktischer Grundlage. 
Berlin, 1889, 183 pp., 15 figs. 

138. RüMKER, K. voN, Methoden der Pflanzenzüchtung in experimenteller Prüfung. Berlin. 1909, 
321 pp., 7 figs., 1 pl. 

139. ScHerBe, A., Einführung in die Allgemeine Pflanzenzüchtung. Stuttgart. 1951, 475 pp., 122 figs. 

140. SCHIEMANN, E., Entstehung der Kulturpflanzen. Berlin. Handbuch der Vererbungswissenschaft 
3, Lief. 15, 1932, 377 pp., 96 figs. 

141. ScHwanirz, F., Die Entstehung der Kulturpflanzen. Berlin, Göttingen, Heidelberg. Sammlung 
Verständliche Wissenschaft 63, 1957, 151 pp., 59 figs. 

142. SENGBUSCH, R. von, Pflanzenzüchtung und Rohstoffversorgung. Leipzig. 1937, 131 pp. 4 figs. 

143. SENGBUSCH, R. von, Theorie und Praxis der Pflanzenzüchtung. Frankfurt am Main. 1939, 
127 pp., 35 figs. 

144. Vries, H. pe, Pflanzenzüchtung, (Deutsch von A. STEFFEN). Berlin. 1908, 303 pp., 113 figs. 

145. ZADE, A., Werdegang und Züchtungsgrundlagen der landwirtschaftlichen Kulturpflanzen. 
Leipzig und Berlin. Aus Natur und Geisteswelt 766, 1921, 104 pp., 30 figs. 

146. ZIMMERMANN, K., Technik des Versuchswesens und der Pflanzenzüchtung. 3rd ed. Leipzig. 1955, 
414 pp, 56 figs. (lst ed. 1951, 2nd ed. 1952). 


VON RüMmKER’s „Anleitung zur Getreidezüchtung” was the first book on plant 
breeding in the German language. It appeared in 1889 (137). 

At the beginning of this century the manual of FRUwIRTH (Fig. 19), Die Züchtung 
der landwirtschaftlichen Kulturpflanzen (107), consisting of 5 volumes, appeared. In 
volume | general plant breeding is treated and in volume 5 the breeding of tropical 
plants. 

Although FRUWIRTH in a few chapters already collaborated with some other per- 
sons, (especially with E. voN TSCHERMAK) this kind of association was systematically 
used by TH. ROEMER (Fig. 17) and W. Ruporr (Fig. 16) who published their Handbuch 
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der Pflanzenzüchtung (Manual of plant breeding) in the years 1938-1950 (136). It was 
issued in parts and comprised 5 volumes. In 1955 Ruporr started a new edition in 
collaboration with H. K. Hayrs, A. MüNrziNG and H. KAPPERT (TH. ROEMER died 
in 1951). Everyone associated with plant breeding will be looking forward with great 
interest to the following fascicles of this excellent manual (117). 


The first German edition of JOHANNSEN’s textbook (112) appeared in 1909 and a 
2nd and 3rd edition in 1913 and 1926, respectively (113). 

In 1909 appeared two German books on the breeding of horticultural plants, viz. 
by BÖTTNER (103) and by LÖBNER (130). About the same time books were published 
by HOLDEFLEISZ (110), VON RüMKER (138), LANG (126) and ROEMER (134). A. STEFFEN 
translated pr VRIes’ Plant breeding (144). In 1921 four books appeared, viz. by 
BAUR (101), FRUWIRTH and ROEMER (108), HOLDEFLEISZ (111) and ZADE (145). The 
book by BAUR was widely read. BECKER (102) wrote a book on the breeding of 
horticultural crops, Dix (104) treated practical plant breeding, while SCHIEMANN (140) 
devoted her excellent book to the origin of cultivated plants. 

In 1934 KApPeRT (Fig. 18) published a book on the breeding of horticultural plants 
(114) that drew attention, while a short time afterwards other books appeared in rapid 
succession: KUCKUCK (119, 120), RerNöHr (133) and vON SENGBUSCH (142, 143). In 
1938 ROEMER, FUCHS and ISENBECK (135) wrote a book on the breeding for disease 
zesistance. In that year the big Handbuch der Pflanzenzüchtung was started (136). 


After a break during the second world war a number of books appeared which 
irrefutably proved that there was a great need to lift out the main lines from the flood 
of articles in periodicals (plant breeding, genetics, cytology, phytopathology, etc.) 
and to give a picture of the position of general plant breeding. In this connection the 
following names can be mentioned: KAPPERT (115), KUCKUCK and MUDRA (121), 
PRIMMEL (105), SCHEIBE (139), Kuckuck (122, 123) and Koperz (118). MüNncH (132) 
published in 1949 a book on forest tree breeding. LAWRENCE’ book Practical plant 
breeding (128) and LinpgQust’s Genetics in Swedish forestry practice (129) were 
translated into German. 

In this period the second edition of the Handbuch der Pflanzenzüchtung was started. 
The 38 parts of this manual will comprise 6 volumes (some chapters are written in 
English). The editors realized from the very first that the new edition should be 
prepared on an international basis, enabling as many countries as possible to co- 
operate. The new edition should be considered as an entirely new work. It is an 
attempt to follow closely the research on plant breeding (117). 

The second edition of KAPPERT’s textbook (116) in which also the significance of 
genetic principles of animal breeding are treated, appeared in 1953 and a second 
edition of LinpQuist’s book (129) in 1954 and ZIMMERMAN’s book on experimental 
design (146) in 1955. 

There was also a need for books of smaller size in Germany. In 1957, 6 books were 
published, viz. KuRTH (125), SCHWANITZ (141), Moderne Methoden (131), HeiNiscH 
(109), the third edition of KuckuckK’s booklet (123) and Kuckuck II (124). The latter 
part deals with horticultural crops only. 
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H. (IN GREEK) 


147. PANOS, DIM. ATH., (The Mendelism). Thessaloniki. 1934, 102 pp., 9 figs. 
148. PANOS, DIM. ATH., (Principles of genetics). Athens. 1949, 200 pp. 52 figs. 


Books on general plant breeding have not been published since 1900 in the Greek 
language. The above mentioned books by PANos (147, 148) contain chapters on plant 


breeding. 
PAPADAKIS’ book on ecology (100), published in French, attracted attention. 


IL. (IN HUNGARIAN) 


149. FABRICIUS, E., A magyar növénynemesités. Emlékkönyv a magyar növénynemesités 1910-1920. 
fejlödéséröl (Hungarian plant breeding. Survey of the development of the Hungarian plant breeding, 
1910-1920). Budapest. 1921, 316 pp., 53 figs. 

150. GRABNER, E., A gazdasági növények nemesitése (Breeding agricultural crops). Budapest. 1908, 
227 pp., 100 emd (2nd ed. 1922, 327 pp, 145 figs.). 

151. MUDra, A., Növénynemesitéstan. 1. Általános rész. (Plant breeding I. General part). Kolozsväs 
1944, 248 pp., 75 figs. 

152. VARGA, F., Kertészeti növénynemesités. 1. Általános rész. (Horticultural plant breeding. L 
General Ee Budapest. 1927, 225 pp. 18 figs. 

153. VirLAx, Ö., Növénynemesités. IL, Általános növénynemesités. (Plant breeding 1. General plant 
breeding). Orr. 1944, 354 pp., 107 figs. 

154. ViLLAx, Ö., Növénynemesités. IL. Különleges növénynemesités. (Plant breeding II. Special plant 
breeding). Budapest 1947, 432 pp., 83 figs. 


In 1908 GRABNER (150) published the first Hungarian handbook on plant breeding 
based on the MENDEL’s laws of heredity, of which the theoretical part is based on the 
works by Hugo pE Vries. The book was written for practical breeders. However, it 
was also the only textbook in the Agricultural Universities till 1944. The second, and 
enlarged edition appeared in 1922. 

On the occasion of the tenth anniversary of the Hungarian Plant Breeding Institute 
in Magyaróvàr, which was a landmark in plant breeding achievements in Hungary, 
FABRICIUS (149) compiled a book surveying the historical development of Hungarian 
plant breeding work and of the research institutions. It deals in details with plant 
improvement performed in some thirty stations and estates. 

In 1927 VARGA (152) published his textbook for students in horticulture. 

In order to replace the handbook of GRABNER by a modern, MUDRA (151) in 1944 
published his textbook for students of Agricultural Universities. The manuscript of 
this excellent book had been completed as early as 1942 and practical breeders too 
have made a great use of it. 

In 1944 Ö. VirLax (153) wrote the first part of his handbook containing the general 
principles and methods of plant breeding; the second part appeared in 1947 (154) in 
which the breeding of individual field crop plants were treated. Some of the chapters 
were written by prominent Hungarian plant breeders (R. FLEISCHMANN, K. SEDEL- 
MAYR, M. HORN, L. BERZSENYI-JANOSITS, A. Kiss, ef al). 


J. (IN ITALIAN) 


155. Bonvicini, M., Miglioramento genetico delle piante agrarie (Genetical improvement of agricul- 
tural plants). Torino. 1942, 306 pp, 172 figs. 
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156. CRESCINI, F., Lezioni di genetica vegetale applicata all’ agricoltura (Lessons in genetics applied 
to agriculture). Bologna. 1935, 294 pp, 19 figs. 

157. CRESCINI, F., Genetica vegetale (Genetics in plants). Roma. 1952, 781 pp., 301 figs. 

158. Hayes, H. K. and IMMER, F. R., I nuovi metodi per la selezione delle piante (Methods of plant 
breeding). Translated by R. E. Scossrrour. Milano. 1954, 643 pp., 40 figs. 

159. LAWRENCE, W. J. C., Guida pratica alla genetica vegetale (Practical plant breeding). (Translated 
by G. Puccini). Bologna. 1955, 158 pp., 41 figs. 

160. Toparo, F., Il miglioramento di razza nelle piante agrarie (The improvement of varieties of 
agricultural plants). Casale Monferrato. 1921, 255 pp. (2nd ed. 1928, 428 pp., 38 figs.). 


TopARO's book (160) was followed by that of BONVICINI (155). CRESCINTs lessons 
in plant genetics (156) developed into an excellent handbook in 1952 (157, Fig. 20). 
In 1954 Methods of plant breeding by HAYES and IMMER was translated into Italian 
(158); this was soon followed by the translation of LAWRENCE’ booklet Practical plant 
breeding (159). 
K. (IN JAPANESE) 


161. Barey, L. H., (Plant breeding). (Translated in Japanese by D. KARASHIMA) 1907. 

162. LiNpquisrt, B. (Genetics in Swedish forestry practice). (Translated in Japanese by R. Top). 
1954, 155 pp., 67 figs. 

163. SakaI, K. L., (Science of plant breeding). Tokyo. 1952, 342 pp. 71 figs. (2nd ed. 1956, 364 pp., 
75 figs.). 

164. SAKAI, K. I., TAKAHASHI, R. and AKEMINE, H. (Studies of the bulk method of plant breeding) 
Tokyo. 1958, 351 pp. 

165. Vries, H. pe (Plant breeding). (Translated in Japanese by Y. TAKEBAYASKY). Tokyo. 1914. 


See the additional list (208-220) on p. 219. 


Fic. 20. F. CRESCINI (156, 157), PROFESSOR, Fig. 21. KAN-IcHr SAKAI (163, 164), HEAD DEP. 


UNIV. OF MILANO, ITALY OF APPLIED GENETICS, NATIONAL INSTI- 
TUTE OF GENETICS, MISHIMA, SHIZUOKA- 
KEN, JAPAN 
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In 1907 appeared a translation in Japanese of BAILEY’s Plant breeding (161). In 1914 
a translation in Japanese of DE VRIES’ book (165) was published. The interest for a 
good handbook on plant breeding was realized by the appearance of SAKAT's Plant 
breeding (Fig. 21) which was published in 1952 (163). This book gives in Part I the 
genetical principles, in Part II recent advances in the study of plant breeding, in Part 
ILL methods of plant breeding and finally in Part IV field trials. This book has been 
revised in 1956 and Part V was added as supplementation comprising statistical 
genetics. 

In 1954 appeared a translation of LiNpQuist’s Genetics in Swedish forestry practice 
(162). 

Recently appeared the monograph, Studies on the bulk method of plant breeding in 
self-fertilized crops (164). 


L. (IN NORWEGIAN) 


166. WEXELSEN, H., Arv og foredling hos vâre dyrkede planter (Genetics and breeding of cultivated 


plants). Oslo. 1935, 112 pp, 30 figs. 
167. WEXELSEN, H., Forelesninger i planteforedling (Lectures on plant breeding). 2nd ed. Vollebekk. 


1955, 145 pp. Mimeographed. 


In countries like Norway and many others with a small number of research workers 
and private breeders and where frequently books in other languages are used no 
ready market can be expected for a handbook. In 1955 appeared the 2nd edition of 
WEXELSEN’s Lectures on plant breeding (167). 


M. (IN PouisH) 


168. SEMPOLOWSKI, A., Hodowla í uszlachetnianie roslin gospodarskich (Breeding and improvement 
of agricultural plants). Warszawa. 1902, 223 pp., 25 figs. (2nd ed. 1956, 223 pp.). 


As early as 1902 appeared a textbook by SEMPOLOWSKI (168) in the Polish language. 
In Poland a collective work is now being published, under the title Hodowla roslin 
(Plant breeding). Presumably it will appear in 1959. S. BARBACKI, T. RUEBENBAUER and 
ST. ROSNOWSKI are among the authors of different parts of this book. 


N. (IN RUSSIAN) 


169. ALESIN, E. LL, (Fruit breeding). Moscow. 1936, 246 pp., 66 figs. 

170. (Breeding and cultivation of fruits and berries). Moscow. 1951, 327 pp. 

171. (Breeding of stone fruits). Moscow and Leningrad. 1956, 278 pp. 

172. Dorcusaimn, D. A, ed, (Methods and results of plant breeding and seed growing work). Moscow. 
1956, 135 pp. 

173. JABLOKOv, A. S., (The breeding of forest trees and the principles of forest seed production). 
Moscow and Leningrad. 1952, 215 pp., 19 figs. 

174, Juriev, V. J. et al, (General breeding and seed growing of field crops). 2nd ed. Moscow. 1950, 
432 pp. 

175. Juriev, V. J., ed, (Breeding and seed growing of cereal crops). Moscow. 1953, 224 pp. 

176. LoBANov, G. A, (Production of new fruit and berry varieties). Moscow. 1954, 183 pp. 

177. Maryarn, J. N., (Plant breeding and seed growing). Moscow. 1935, 310 pp., 37 figs. 

178, Meister, G. H., et. al, (Handbook on plant breeding. 1. Theoretical bases of variability). Moscow. 
1936, 316 pp. 
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22. N. I. VAviLov (85, 186, 187, 188, 189). 
t 1942 
(FROM GENETICS 38, 1953) 


(Methods of wheat and corn breeding). 
Kharkov. 1957, 340 pp. 


field crop breeding and seed growing). Moscow 
and Leningrad. 1955, 404 pp. 


main of applied botany, genetics and plant 
breeding). Leningrad. 1929, 662 pp. 


point of view). St. Petersburg. 1912, 198 pp. 
Sizov, 1. A. and IvANov, A. P., (Breeding 
and seed production of field crops). Moscow 
and Leningrad, 1955, 487 pp., 101 figs. 
SOLODOVNIKOV, EF. S., (Breeding, seed growing 
and cultivation of potatoes and vegetables). 
Alma-Ata. 1950, 625 pp. 

TURBIN, N. V. (Genetics and the fundamentals 
of plant breeding). Moscow. 1950, 391 pp. 


plants). Leningrad. 1926, 248 pp. 


. VAvILOv, N. I., (Botanical-geographical bases of plant breeding). Moscow and Leningrad. 1935, 


60 pp. 


‚ VAviLov, N. L, ed, (Theoretical bases of plant breeding). Volumes 1-3. Moscow. 1935-1937, 


1043, 711 and 862 pp. respectively. 


„ VAvILov, N. IL, (World resources of cereals, grain leguminous crops and flax and their utilization 


in plant breeding). Moscow and Leningrad. 1957, 462 pp., 167 figs., 9 maps, numerous photo- 
graphs. 
ZHEGALOv, S. I., (Introduction into agricultural plant breeding). 3rd ed. Moscow and Leningrad. 


1930, 486 pp. 
ZHukKovsky, P. M., (The cultivated plants and their relatives). Moscow. 1950, 595 pp., 417 figs. 


The books in Russian are inaccessible to most western plant breeders. The book by 
VaviLov (Fig. 22), Theoretical bases of plant breeding, of which an English translation 
appeared in 1949-1950 (85), has received great appreciation all over the world and it 
still holds its honourable place. 


192. 


193. 


194, 


195. 


196. 


O. (IN SPANISH) 


Hayes, H. K. and IMMER, F. R., Métodos fitotécnicos (Methods of plant breeding). Buenos Aires. 


1943, 521 pp, 37 figs. (A. E. MARINO translator). 
LAWRENCE, W. J. C., Fitotecnia práctica (Practical plant breeding). Translated by MARTA 


WEDEL DE ANDRES. Buenos Aires. 1951, 171 pp, 34 figs. 
SÁNCHEZ-MONGE, E. y ESTERUELAS, R., Genética general y agrícola (General and agricultural 


genetics). Barcelona. 1952, 349 pp., 76 figs. 
SÁNCHEZ-MONGE, E. et al., Fitogenética (Mejora de Plantas) (Plant genetics (Plant breeding)). 


Barcelona. 1955. 511 pp., 91 figs. 
SENGBUSCH, R. von, Teoría y práctica de la fitotécnia (Theorie und Praxis der Pflanzenzüchtung). 


Translated by W. Gopeck. Serie de reproducciones, traducciones y resumenes, Boletin Interno 
7. Buenos Aires. 1952, 75 pp., 8 figs. 
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Fro. 23. E. SÁNCHEZ-MONGE (194, 195), DIREC- Fig. 24. B. LiNpquisr (197, 14, 70, 129, 162), 
TOR, CENTRO DE MEJORA DEL MAIZ, PROFESSOR, BOTANIC GARDEN, 
MADRID, SPAIN GOTHENBURG, SWEDEN 


A translation of HAYES and IMMER’s book (192) satisfied in the period 1943-1952 
the need of Spanish readers. Then, about the same time, two books were published, 
viz. a translation in Spanish of VON SENGBUSCH's Theorie und Praxis der Pflanzen- 
züchtung (196) and a book by SÁNCHEZ-MONGE (Fig. 23) and ESTERUELAS (Genética 
general y agricola) (194). The latter book, of a more theoretical content, was followed 
by a textbook on plant breeding (SÁNCHEZ-MONGE and coworkers, Fitogenética 
(Mejora de Plantas), (195). 

Of LAWRENCE's Practical plant breeding appeared a translation in the Spanish 
language (193). 


P. (IN SWEDISH) 


197. LiNpquisr, B., Den skogliga rasforskningen och praktiken (Genetics in Swedish forestry practice). 
Stockholm. 1946, 176 pp., 67 figs. 

198. NirssonN, E., Växtförädling med speciell hänsyn till trädgärdsväxterna (Plant breeding with 
special reference to garden plants). Stockholm. 1938, 147 pp, 31 figs. 

199, RASMUSSON, J., Ärftlighetsläran som grundval för växtförädlingen (Genetics as a basis of plant 
breeding). Stockholm. 1935, 127 pp., 38 figs. 

200. Svensk Växtförädling. I. Äkerbruksväxterna (Plant breeding in Sweden. I. Field crops). Stock- 
holm. 1951, 745 pp., 335 figs. 


In the beginning of this century the books by HUGO DE VRIES (86), NEWMAN (72) and 
others paid attention to the progress in plant breeding at Svalöf. In later years this 
was the case with the books by ÁKERMAN et al. (34, 35). 
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In 1935 RASMUSSON (199) published a book on Genetics as a basis of plant breeding, 
while in 1938 NirssoN (198) wrote on breeding horticultural crops. A general survey 
on Plant breeding of field crops in Sweden appeared in 1951 (200). 
LiNpQusst (Fig. 24) published a book on forest genetics (197) in 1946. It is note- 
worthy that LiNpqusst’s book was translated into English (70), German (129), 
Japanese (162) and Czech (14). A second edition of the German translation was issued 
in 1954. 


Q. (IN YUGOSLAVIAN) 


201. Korië, M., Kako nastaju nove sorte kulturnog bilja (The origin of cultivated plants). Zagreb. 
1947, 278 pp. 

202. Lokor, T., Mendelizam i selekcija (Mendelism and plant breeding). Beograd. 1930, 180 pp. 
203. SpAsoJEvIé, V., Oplemenjivanje biljaka (Plant breeding). Beograd. 1947, 100 pp. 
204. STEBUT, A, Osnovi genetike (Principles of genetics). Beograd. 1938, 234 pp. 

„205. STeBuT, A., Metodika selekcije (Methods of selection). Zemun. 1939, 195 pp. 

„206. TAvcar, A, Temelji nauke o nasledstvu (Principles of genetics). Beograd. 1930, 179 pp. 

‚207. Zonué, I., Osnovi selekcije bilja (The principles of plant breeding). Beograd. 1951, 482 pp. 


After the manuscript had been sent to the printer, my attention was drawn to the 
following 13 titles of books in the Japanese language (see also 161-165). 


K. (IN JAPANESE) (supplementation of 161-165) 


208. AKEMINE, MAsAO, (Crop breeding). Tokyo. 1921, 456 pp., 104 figs. 

„209. ARrasHI, K. and TAKAHASHI, M., (Principle and practice of plant breeding). Tokio. 1951, 453 pp., 
71 figs. 

210. AsAMI, Y., ef al., (Breeding of cultivated plants). Tokyo. 1954, 684 pp., 157 figs. 

‚211. Courrer, J. M., (Principles of plant breeding). (Translated in Japanese by Y. KAKIZAKI). Tokyo. 
1920, 273 pp., 9% figs. 

212. KAGAWA, Fuyuo, (Plant breeding by interspecific and intergeneric hybridization). Tokyo. 1957, 
555 pp., 187 figs. 

213. KATAYAMA, YOSHIO, (Plant breeding). Tokyo. 1956, 186 pp., 49 figs. 

214. MINANI, SADAJL, (Lectures on plant breeding). Tokyo. 1916, 444 pp., 84 figs. 

215. NAGAO, MASATO, (Outlines of plant breeding). Tokyo. 1953, 338 pp., 70 figs. 

„216. Nogury, YAKITL (Non-Mendelian plant breeding). Tokyo. 1941, 318 pp., 54 figs. 

217. Sô, MAsAo, (Lectures on plant breeding). Tokyo. 1926, 748 pp., 62 figs. 

218. SYAKUDO, KATUML, (General plant breeding). Tokyo. 1958, 420 pp., 112 figs. 

219. TAKEZAKI, YOSHINORL, (Experimental plant breeding). Tokyo. 1929, 189 pp, 15 figs. 

220. TErAO, Hrrosnr, (Principles of,plant breeding). Tokyo. 1931, 9%6 pp., 16 pl. 


4, DISCUSSION 


The rediscovery of MENDEL’s Laws made it possible in the early part of this century 
to gain an insight in the best methods of plant breeding. Several lecturers have ende- 
avoured to introduce recent advances in genetics into their courses in plant breeding. 
Some lectures and courses were adapted to textbooks to fill the need of students. 

As the developing of new varieties was already applied deliberately in the last part 
of last century and the successes of pioneers have stimulated others to practice plant 
breeding, it is understandable that the young breeders were thirsty for more knowledge. 
The appearance of a new book, however modest in size, offered them a possibility to 

learn more details. 
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It is hardly possible to tell how great an influence Hugo pE VRIES’ book (86, 31, 
144, 165) exerted on plant breeding. Through this book and those of NEWMAN (72) 
and others the methods applied and the results obtained at Svalöf became known 
all over the world. 


More knowledge was gathered on flower biology, inheritance-research made 
progress, cytology of cultivated plants was studied and resistance against diseases was 
included in research. In addition according as mathematical treatment gave a support 
to the techniques of trial fields and the discovery of the influence of colchicine on 
nuclear division opened new prospects, plant breeding has arrived in a position of 
increasingly being able to use progress in other fields of science. 

Experiments were conducted and in articles they have been and are being described 
and commented upon. Through combined efforts this has become a valuable con- 
tribution to the development of plant breeding. FARADAY’s saying that there are three 
stages in research, viz. the start, the end and the publication, still holds fully true. 

Through the foundation of different periodicals in plant breeding (pe HAAN, III) 
it became possible to canalize the current of publications easily and by that draw the 
attention of research workers and breeders. The many analyzing and synthetizing 
publications would have overshot the mark if not some persons had set about to 
write a textbook on the basis of their own experiences, insight and the study of liter- 
ature. 

It would be going too far to compare a number of prominent books. Some books 
are confined to giving an insight in the principles of plant breeding, others also contain 
chapters on the breeding of certain crops or groups of crops. Some authors have 
mainly drawn from sources in their own language, others have given them a wider 
scope, using foreign literature as well. Most authors have taken examples of cultivated 
plants grown in their own country, but also books have been written in which world 
crops have been treated. In many books particularly recent literature is mentioned, 
so that they became a source for further study. Everyone comparing the most im- 
portant handbooks comes to the conclusion that all books have their own characters 
and that from many radiates the originality of structure. 

From this article it may be deduced that an analysis of the books on general plant 
breeding would give rise to sufficient subject-matter for a thesis or book, also if the 
author would confine the matter to books in English, German or another language. 
Such publications would be a source for the history of plant breeding. 


However, in the field of plant breeding progress by research is outstanding; hand- 
books will rapidly become out of date as regards many subjects. If the authors fail to 
work out a new edition, somebody else will set to the task of writing a new book. For 
almost everywhere plant breeding is a subject of the University curriculum. And in 
these circles it is necessary that textbooks are up to date. 

More and more the criticism of colleagues is wanted (in particular in preparing a 
new edition) or are colleagues asked to contribute in some chapter. 

Plant breeders may consider themselves fortunate that in areas covered by different 
languages and in different countries covered by one language, textbooks and manuals 
have been published which are to be considered as landmarks in the development of 
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plant breeding and form a sound basis for education and for self study of breeders and 
‚ other interested persons. 
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SAMENVATTING 


Oude en nieuwe boeken op het gebied van algemene plantenveredeling 


In dit artikel wordt een overzicht gegeven van de oude en nieuwe boeken op het 
gebied van de algemene plantenveredeling. Zij bestrijken de periode van de laatste 60 
jaren. In totaal zijn de titels van 220 boeken genoemd. 

Het overzicht is naar taalgebied onderverdeeld, terwijl in aansluiting op de boeken- 
lijsten een toelichting is gegeven. 

In Engelse en in Duitse taal zijn ongeveer evenveel boeken verschenen. Men kan 
zeggen, dat de helft in Engels en Duits en de helft in andere talen is gesteld. De boeken 
in de Duitse taal zijn voor de overgrote meerderheid van Duitse schrijvers, terwijl van 
de boeken in de Engelse taal de meerderheid van Amerikaanse oorsprong is. 

Rekening houdend met het verschil in uitgestrektheid van de verschillende taal- 
gebieden en de daartoe behorende landen kan vastgesteld worden, dat het kleine 
Nederland geen slecht figuur slaat. Niettegenstaande de Nederlandse onderzoekers en 
kwekers, evenals die in andere kleine landen, een veelvuldig gebruik maken van boeken 
in andere talen, was er toch een markt voor enige boeken in de Nederlandse taal. Dit 
is mede te danken aan de belangstelling die de Nederlandse producenten van zaaizaad 
en plantgoed hebben voor de wijze, waarop nieuwe rassen worden gekweekt. 

De handboeken voorzien in de behoefte van hoger en middelbaar onderwijs in de 


plantenveredeling. 


REFERENCES 


L. Dorst, J. C., De plantenveredeling op breederen grondslag. (Plant breeding on a broader basis) 
Inaug. rede. Wageningen. 1941, 20 pp. 
II. HAAN, H. pe, A library in the field of plant breeding. Euphytica 5 (1956) : 245-253. 
III. HAAN, H. pe, Periodicals in the field of plant breeding. Euphytica 5 (1956) : 353-356. 
IV. HAAN, H. pe, Books dealing with plant breeding. Euphytica 6 (1957) : 259-260. 


21 


NOTES 


IR. G. VEENSTRA RETIRED 


On June 3rd, 1958 IR. G. VEENSTRA, Deputy-Director of the Foundation for Agricultural Plant 
Breeding (S.V.P.), Wageningen, retired from office. 

IR. VEENSTRA has greatly contributed to the development of the S.V.P. and to the foundation of 
the Potato Breeding Farm S.V.P. “Prof. Broekema-hoeve’’, located in the North-East Polder. 

At the festive farewell-reception many speakers voiced their great appreciation for his work and 
his person. 

In his thanks IR. VEENSTRA gave clear evidence that he is still a very vital man with many-sided 
interests. 


Fig. 1. IR. G. VEENSTRA 
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